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Tracy,  Hon.  Joseph  Tnrney,  H.  A.  Tuttle,  Prof.  A.  H.  Tuttle,  W.  S.  Tyler,  S.  H.  Tolles, 
Rev.  Herbert  M.  Tenney,  Hon.  V.  A.  Taylor,  J.  Livingston  Taylor,  V.  C.  Taylor,  Geo. 
A.  Tisdale,  J.  E.  Upson,  H.  S.  Upson,  M.D.,  H.  L.  Vail,  C.  M.  Vorce,  J.  H.  Van  Dom, 
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M.  M.  Wiener,  J.  G.  White,  E.  G.  Weil,  A.  P.  Winslow,  Hon.  H.  C.  White,  Thomas  H. 
White,  George  Worthington,  John  M.  Wilcox,  John  W.  Walton,  Charles  Wason,  J.  C. 
Weideman,  Chas.  T.  Wettley,  George  W.  Wesley,  John  Whitelaw,  J.  R.  Worswick, 
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P.  Cnshing,  Prof.  Edward  W.  Morley,  A.M.,  M.D.,  Ph.D.,  Prof.  Herbert  C.  Foote,  Prof. 
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Chairmant  Mrs.  L.  E.  Holden. 
Secretary:  Mrs.  Elrot  M.  Avert. 
Treoiurer:  Miss  Laura  W.  Hiluard. 

LADIES'  FINANCE  COMMITTEE. 

Mrs.  E.  B.  Hale,  Mrs.  Stevenson  Burke,  Mrs.  W.  A.  Ingham,  Mrs.  M.  D.  Leggett, 
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Secretaryt  Mr.  Charles  A.  Post. 
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8.  T.  Everett,  T.  P.  Handy,  E.  R.  Perkins,  Hon.  Amos  Townsend,  Zenas  King,  J.  K. 
Bole,  Myron  T.  Herrick,  L.  E.  Holden,  Mark  A.  Hanna,  George  W.  Stockly,  J.  D.  Rock- 
efeller, C.  M.  Beach,  Charles  F.  Brush,  Elroy  M.  Avery,  Hon.  Charles  A.  Otis,  Hon. 
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C.  G.  King,  E.  M.  McGillin,  H.  R.  Hatch,  H.  R.  Groff,  George  Worthington,  Thomas  H. 
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Secrtiaryt  Prof.  Herbert  C.  Foote. 
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COMMITTEE  ON  HOTELS  AND  LODGINGS. 

Chairmant  Hon.  Edwabd  H.  Fitch. 
Secretary t   MB.  Harrt  P.  CuSHiKO. 

W,  S.  Kerruish,  Dudley  P.  Allen,  M.  D.,  Webb  C.  Hayes,  Jos.  IngersoU,  J.  Leon 
GobeiUe. 

COMMITTEE  ON  TRANSPOETATION. 

Chtdrmam  Mk.  A.  J.  Smith. 
Secretaryt  £i«bot  M.  Avebt,  Pb.  D. 

D.  B.Martin,  Edwin  Duty,  T.  L.  Johnson,  Tbeo.  B.  Stevens,  George  G.  Malhern,  B. 
F.  Horner,  A.  W.  Lynn,  W.  C.  Rinearson. 

COMMITTEE  ON  POST-OFFICE,  TELEGRAPH  AND  EXPRESS. 

CKairmant  Mb.  C.  G.  Fobce,  C.  E. 
Secretaryt  Caft.  F.  A.  Kbndall. 

Hon.  W.  W.  Armstrong,  Edward  P.  Wrigbt,  W.  G.  Yates,  Yolney  Rose,  L.  P.  Hnl- 
bnrd,  Prof.  H.  C.  Muckley,  Prof.  Y.  O.  Foolk,  Capt.  J.  B.  Molyneaux,  Thomas  W. 
Hill,  Jas.  P.  McEinstry. 

COMMITTEE  ON  PRINTING. 

Chairmant  Mb.  C.  G.  Fobcb. 
Secretary!  Elbot  M.  Ayebt,  Ph.D. 

M.  E.  Rawson,  W.  H.  Searles,  Wm.  B.  Sherwood. 

COMMITTEE  ON  THE  PRESS. 

Chairmant  Pbof.  Bebnadottb  Pebbin. 
Secretaryt  Pbof.  A.  H.  Thompson. 

Prof.  A.  H.  Palmer,  Prof.  C.  E.  Williams,  W.  E.  Cnshing,  J.  C.  Covert,  J.  B.  Morrow, 
J.'  H.  A.  Bone,  N.  S.  Cobleigh,  R.  F.  Paine,  Jr.,  C.  B.  Williams,  J.  C.  Eeffer,  Geo.  A. 
Robertson,  W.  Scott  Robinson,  Chas.  P.  Salen,  B.  W.  Doty,  M^J.  Wm.  KauAnan,  C.  L. 
Hotse,  Carl  Clanssen. 

COMMITTEE  ON  MEMBERSHIP. 

Chairmant  Hon.  C.  C.  Baldwin. 
Secretaryt  Rev.  Jabkz  Hall. 

Rev.  Dr.  M.  Machol,  Miss  Mary  Evans,  Harry  P.  Cashing. 

COUNCILMANIC  COMMITTEE. 
Conncilman  J.  T.  Logue,  Councilman  H.  Schnauffer,  Alderman  P.  J.  Cooney. 

COMMITTEE  ON  DECORATION. 

Mrs.  William  Bingham,  Miss  E.Mather,  Miss  JuliaParsons, Mrs. C.  H. BulUey, 
Mrs.  C.  A.  Brayton,  Mrs.  D.  R.  Tilden. 

COMMITTEE  ON  LUNCH. 
Mrs.  P.  H.  Babcock,  Mrs.  S.  T.  WeUman,  Mrs.  Julius  Eing. 
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SPECIAL  COMMITTEES  OF  THE  ASSOCIATION.' 


1.     Committee  on  Indexing  Chemical  Literature, 


H.  Carrington  Bolton  of  Hartford, 
F.  W.  Clark  oi  WashingtOD, 
A.  B.  Leeds  of  Hoboken, 


A.  A.  JULIEN  of  New  York, 
J.  W.  Langlsy  of  Ann  Arbor, 
C.  K.  Wbad  of  Malone. 


A.  B.  PEB8COTT  of  Ann  Arbor. 


2.     Committee  on  International  Congress  of  Geologists. 


Jambs  Hall  of  Albany, 
J.  W.  Dawson  of  Montreal, 
J.  8.  Newberry  of  New  York, 
T.  Sterry  Hunt  of  Montreal, 
C.  H.  Hitchcock  of  Hanover, 
Raphael  Pumpelly  of  Newport, 
J.  P.  Lesley  of  Philadelphia, 


J.  W.  Powell  of  Washington, 
G.  A.  Cook  of  New  Brunswick, 
John  J.  Stevenson  of  New  York, 
E.  D.  Cope  of  Philadelphia, 
£.  A.  Smith  of  Tuscaloosa, 
Persifor  Frazer  of  Philadelphia,. 
'  H.  S.  WiLUAMS  of  Ithaca, 


N.  H.  WiNOHBLL  of  Minneapolis. 

8.     Committee  on  Anatomical  NomenclaturCt  toith  Special  reference  to 

the  Brain. 


Harrison  Allen  of  Philadelphia, 
U.  F.  OSBORN  of  Garrisons, 


T.  B.  Stowbll  of  Cortland, 
B.  G.  Wilder  of  Ithaca, 


Frank  Baker  of  Washington. 


4.     Committee  on  Physics  Teaching. 


T.  C.  Mendenhall  of  Terre  Haute, 
W.  A.  Anthony  of  Manchester, 


H.  S.  Carhart  of  Ann  Arbor, 
F.  H.  Smith  of  CharlottesTille, 


)  John  Trowbridge  of  Cambridge. 

6.     Committee  to  apply  to  Congress  for  a  Seduction  of  the  Tariff  on 

iScientiflc  Books  and  Apparatus, 

E.  D.  Cops  of  Philadelphia,  I    J.  R.  E  4STMAN  of  Washington, 

John  S.  Bilungs  of  Wasliington. 

>  All  Committees  are  expected  to  present  their  reports  to  the  Council  not  later  than 
the  fourth  day  ot  the  meeting.  Committees  sending  their  reports  to  the  Permanent 
Secretary  one  month  before  a  meeting  can  have  them  printed  for  ute  at  the  meeting. 
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6.     Committee  to  memorialize  Congress  to  take  steps  for  Vie  Preservation 
of  ArchcRologic  Monuments  on  the  public  lands. 

Miss  Aucb  C.  Flbtchrr  of  Cambridge,  |   Mrs.  T.  E.  Stbvbkson  of  Washington. 

7.  Committee  on  Universal  Language. 

Horatio  Halb  of  Clinton,  |   H.  W.  Hbxbhaw  of  Washington, 

Albx.  Magfarlanb  of  Austin. 

8.  Committee  on  Chemistry  Teaching. 


W.  H.  Seaman  of  Clinton, 
W.  L.  DUDLBY  of  MashTille, 


H.  W.  WlLBT  of  Washington, 
W.  O.  Atwatbr  of  MidUletown, 


W.  A.  NOTBS  of  Terre  Haute. 


9.     Committee  on  Water  Analysis. 


G.  C.  Caldwbll  of  ItliHca, 

.1.  A.  Myers  of  Agricultural  Coll.,  Miss., 

U.  B.  Warder  of  Wasliington, 


J.  W.  Lakolbt  of  Ann  Arbor, 

W.  P.  Mason  of  Troy, 

W.  H.  Seaman  of  Washington. 


10      Committee  of  conference  on  organization  of  a  National  Chemical 

Society. 

A.  P.  PRESCOTTof  Ann  Arbor,  |  Alfred  Sprinobr  of  Cincinnati, 

Edward  Hart  of  Easton. 

il.     Special  Agent  of  Transportation  for  the  Association  to  act  with  the 

Local  Committees. 

P.  H.  Dudley  of  New  York. 

12.    Auditors. 
Henrt  Wheatland  of  Salem,  |    Thomas  Mbehan  of  Germantown. 


OFTICEHS  ELECTED 

FOR  THE 

TOHON^TO  MfeETiisra, 


FBESIDENT. 

Thomas  C.  Mrndknhall  of  Terre  Haate,  Ind. 

VICE  PRESIDENTS. 

A.  Mathematics  and  Astronomy— Kobkrt  S.  Woodward  of  Wash- 

ington, D.  C. 

B.  Physios— Henry  S.  Carhart  of  Ann  Arbor,  Mich. 

C.  Chemistry— William  L.  Dudlky  of  Na8hville,  Tenn. 

D.  Mechanical  Science  and  fing^ineering— Arthur  Beardsley  of 

Swarthmore,  Pa. 
B.  Geology  and  Geography— Charles  A.  White  of  Washington. 
P.  Biology— Gkorgk  L.  Goodale  of  Cambridge,  Mass. 
H.  Anthropology— 6a itRiCK  Malleky  of  Washington. 
I.  Economic  Science  and  Statistics— Charles  S.  Hill  of  Wash- 
ington. 

PERMANENT  SECRETARY. 

Frederick  W.  Putnam  of  Cambridge,  Mass.  (office  Salem,  Mass.). 

GENERAL  SECRETARY. 

C.  Leo  Mkks  of  Terre  Haate,  Ind. 

SECRETARY  OP  THE  COUNCIL. 

Frank  Baker  of  Washington. 

SECRETARIES  OP  THE  SECTIONS. 

A.  Mathematics  and  Astronomy— George  C.  Comstock  of  Madison, 

.  Wis. 

B.  Physics— Edward  L.  Nichols  of  Ithaca,  N.  Y. 

C.  Chemistry— Edward  Hart  of  Easton,  Pa. 

D.  Mechanical  Science  and  l^ngineering— James  E.  Denton  of 

Hoboken,  N.  J. 

E.  Geology  and  Geography— John  C.  Brannrr  of  Little  Rock,  Ark. 
P.  Biolofify— Amos  W.  Butler  of  Brookville,  Ind. 

H.  Anthropology— William  M.  Beauchamp  of  Baldwinsville,  N.  J. 
I.  Economic  Science  and  Statistics— John  li.  Dodge  of  Washing- 
ton, D.  C. 

TREASURER. 

Wiluam  Lilly  of  Mauch  Chunk,  Pa. 
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MEETINGS  AND  OFFICERS  OF  THE  ASSOCIATION      (Continued). 


MBETINO. 

DATE. 

FLAGS. 

FRB8IDBNT. 

87th. 

Aug.  15, 1888. 

Cleveland,  Ohio. 

J.  W.  Powell. 

VICR  PllKSIDRNTS. 


SECTION  A. 

SECTION  B. 

SECTION  C. 

SECTION  D. 

Ormond  Stone. 

A.  A.  Michelson. 

C.  E.  Munroe. 

C.  J.  H.  Woodbury. 

SECTION  B. 

SECTION  F. 

SECTION  H. 

SECTION  I. 

George  H.  Cook. 

C.  V.  Biley. 

C.  C.  Abbott. 

C.  W.  Smiley. 

FERMANENT 
SECRETART. 

GENERAL 
SECRETARY. 

BRORETART 
OF  COUNCIL. 

TREASURER. 

F.  W.  Putnam. 

Julius  Pohlroan. 

C.  Leo  Mees. 

Willlnm  Lilly. 

8KCRKTARIKS   OF  SECTIONS. 


SECTION  A. 

SECTION  B. 

SECTION  C. 

SECTION  D. 

C.  C.  Doollttle. 

A.  Macfhrlane. 

W.  L.  Dudley. 

Arthur  Beardsley. 

SECTION  E. 

SECTION  F. 

SECTION  H. 

SECTION  I. 

John  C.  Branner. 

B.  H.  Fernow. 

Frank  Buker. 

Charles  S.  Hill. 
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MBBTIN06 

PLACE. 

YEAR. 

MRMBKRS 

IN  AITKND- 

AMCR. 

KUMnKK  OF 
MEMUKR8. 

1. 

Philadelpiila 

1848 

? 

461 

2. 

Cambridge 

1849 

? 

640 

8. 

Chnrleeton 

]{$50 

9 

• 

6i2 

4. 

New  Haven 

1850 

? 

704 

6. 

C.nciiinati 

1851 

87 

800 

6. 

Albany 

1851 

104 

700 

7. 

Cleveland 

185:< 

? 

MO 

8. 

Wanliiiigton 

1854 

168 

1004 

0. 

Provltlence 

1855 

166 

605 

10. 

2nd  Albany 

18.VJ 

381 

722 

U. 

Montreal 

1857 

KSl 

946 

12. 

Bn  Hi  more 

18.58 

190 

062 

IS. 

Springfield 

1850 

100 

8(^2 

u. 

Newport 

18(30 

135 

644 

15. 

Buffalo 

1866 

70 

637 

16. 

Burlington 

18ii7 

73 

415 

17. 

Cliicago 

1868 

250 

686 

18. 

Salem 

1869 

244 

611 

19. 

Troy 

1870 

188 

6:i6 

20. 

Indianapolis 

1871 

196 

6(0 

21. 

Dubuque 

1872 

164 

610 

22. 

Portland 

1878 

105 

670 

23. 

Ilartrurd 

1874 

224 

722 

24. 

Detroit 

1875 

165 

8U7 

25. 

2nd  Buffalo 

1876 

215 

807 

26. 

Nashville 

1877 

173 

953 

27. 

St.  Louis 

1878 

i:U 

902 

28. 

Saratoga 

1879 

256 

10:M) 

29. 

Boston 

18^0 

997 

1555 

80. 

2nd  Cincinnati 

1881 

600 

1699 

SI. 

2nd  Montreal 

188-2 

937 

1022 

82. 

Minneapolis 

1883 

8-28 

2033 

33. 

2nd  Pbiladelpiiia 

1884 

1201* 

1081 

84. 

Ann  Arbor 

J885 

864 

1056 

86. 

3d  Buffalo 

1880 

445 

1886 

86. 

New  York 

1887 

729 

# 

1H56 

87. 

2nd  Cleveland 

1888 

842 

1964 

88. 

Toronto 

• 

1880 



*lnc]ading  members  of  the  British  Association  and  other  foreign  guests. 


COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  TEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENCT  FOUR. 

AN    ACT 

To  Incorporatb    thb    "Axekican   Association   roR  ths 

ADyANCEMKMT  OF   SCIBNCR." 

Be  it  enacted  by  the  Senate  and  House  of  BrpreMentatives,  in  General  Court 
assembled,  and  by  the  authority  of  the  same,  as  follows: 

Srction  1.  Joseph  Henry  of  Wasbiugton,  BenJamiD  Pierce  of  Cnin- 
bridge,  James  D.  Dana  of  New  Haven,  James  Hall  of  Albnn)%  Alexi<« 
Caswell  of  Providence,  Stephen  Alexander  of  Priuceion,  Isaac  Iami  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  Yorlt,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Pliiladelphia,  their  associates,  the  ofilcers 
and  members  of  the  Association,  known  as  the  "  American  Association 
for  the  Advancement  of  Science,**  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  ''American  Association  for  the 
Advancement  of  Science,*'  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  renl  and  personal  property,  which  it  now  is,  or 
hereafter  may  be,  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Bbction  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  ottierwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  in  value,  and  personal  estate  of  the  value  of  two  hundred  and 
fifty  thousand  dollars. 

SscnoN  8.  Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  **  by  mail,*'  to  each  member  of 
the  said  Association. 

Section  4.    This  act  shall  take  effect  upon  its  passage. 

HousB  OF  Rkpreskktativks,  March  10,  1874. 

Passed  to  be  enacted, 

John  E.  Sanford,  Speaker, 
In  Sknatr,  March  17,  1874. 

Passed  to  be  enacted,  March  19,  1874. 

Gko.  B.  Loring,  President.  Approved, 

W.  B.  Wasbburh. 

8kcrbtary*8  Dkpartmknt, 

Boston,  April  8,   1874. 

A  true  copy,  Attest: 

David  Pulsifbr, 
Deputy  Secretary  of  the  Commonwealth. 
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CONSTTTUTIOlSr 


OF  THB 


AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT 

OF  SCIENCE. 

Ineorponted  by  Act  of  tte  Genenl  Comt  of  the  CommonwaalUi  of  ICaMachiuetU. 


Objkcts. 


Aitncuc  1.  The  objects  of  the  AssociatioB  are,  by  periodical  and  mi- 
gratory meetlna^s,  to  promote  iutercoonte  between  those  who  are  calti« 
▼atiug  science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientiflc  men  increased  Ikcilities  and  a  wider 
ttsefnlneas. 

Mkmbkks.  Fklix>w8,  Fatkoxs  axd  Hoxorart  FSLLOWa. 

Abt.  2.  The  Association  shall  consist  of  Members,  Fellows,  FatronSt 
and  Honorary  Fellows. 

Art.  3.  Any  person  may  !>ecome  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  and  election  by 
the  Council. 

Art.  4.  Fellows  shall  he  elected  by  the  Council  from  such  of  the  mem- 
bers as  are  professionally  engag(;d  in  science,  or  have  by  their  labors 
aided  in  advancing  science.  The  election  of  fellows  bhall  be  by  ballot 
and  a  majority  vote  of  the  meml>en  of  tlie  Council  at  a  designated  meet- 
ing of  the  Council. 

Art.  5.  Any  person  paying  to  the  Association  the  sam  of  one  thonsand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the  privi* 
Ifges  of  a  member  and  to  all  its  publications. 

Akt.  6.  Honorary  Fellows  of  the  Association,  not  ezceedin;;  three  for 
each  section,  may  lie  elected ;  the  nominations  to  be  made  by  the  Council 
and  approved  by  ballot  in  the  respective  sections  before  election  by  ballot 
in  General  Session.    Honorary  Fellows  shall  be  entitled  to  all  the  privi- 
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XXVlii  CON8TXTDTIOK. 

leges  of  Fellows  and  shall  be  exempt  ftom  all  fees  and  assessments,  and 
entitled  to  all  publications  of  the  Association  issota  after  the  date  of 
their  election. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  In  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months,  shall 
have  been  given ;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected.  The  Council  shall  have  power  to 
exclude  from  the  Association  any  member  or  fellow,  on  satisfactory  evi- 
dence that  said  member  or  fellow  Is  an  Improper  person  to  be  connected 
with  the  Association,  or  has  In  the  estimation  of  the  Council  made  im- 
proper use  of  his  membership  or  fellowship. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of,  or 
hold  office  in,  more  than  one  section  at  any  one  meeting. 

Officers. 
Art.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  In 
General  Session  from  the  fellows,  and  shall  consist  of  a  President,  a  Vice 
President  from  each  section,  a  Permanent  Secretary,  a  General  Secretary, 
a  Secretaiy  of  the  Council,  a  Treasurer,  and  a  Secretar}'  of  each  Section; 
these,  wltii  the  exception  of  the  Permanent  Secretary,  shall  be  elected  at 
each  meeting  for  the  following  one,  and,  with  the  exception  of  the  Treas- 
urer and  the  Peimanent  Secretaiy,  shall  not  be  reSlIgible  for  the  next  two 
meetings.    The  term  of  office  of  Permanent  Secretary  shall  be  five  years. 

Art.  10.  The  President,  or,  In  his  absence,  the  senior  Vice  President 
present,  shall  preside  at  all  General  Sessions  of  the  Association  and  at  all 
meetings  of  the  Council.  It  shall  also  be  the  duty  of  the  President  to 
give  an  address  at  a  General  Session  of  the  Association  at  the  meeting 
following  that  over  which  he  presided. 

Art.  11.  The  Vice  Presidents  shall  be  the  chairmen  of  their  respective 
Sections,  and  of  tlieir  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  own  section,  at  such  time  as  the 
Council  shall  determine.  The  Vice  Presidents  may  appoint  temporary 
chairmen  to  preside  over  the  sessions  of  their  sections,  but  shall  not  del- 
egate their  other  duties.  The  Vice  Presidents  shall  have  seniority  In 
order  of  their  continuous  membership  in  the  Association. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
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tbese  8es«IoDS.  He  shall  receive  the  records  flrom  the  Secretaries  of  the 
Sections,  which,  after  examination,  he  shall  transmit  with  his  own  records 
to  the  Permanent  Secretary  within  two  weeks  after  the  acljoarnment  of 
the  meeting. 

AiiT.  13.  The  Secretary  of  the  Council  shall  keep  the  records  of  the 
Council.  He  shall  give  to  the  Secretary  of  each  Section  the  titles  of 
papers  assigned  to  it  by  the  Council.  He  shall  receive  proposals  for  mem- 
bership and  bring  them  before  the  Council. 

Art.  14.  The  Permanent  Secretary  shall  be  the  executive  officer  of  the 
Association  under  tho  direction  of  the  Council.  He  shall  attend  to  all 
business  not  specially  referred  to  committees  nor  otherwise  constitution- 
ally provided  for.  He  shall  keep  an  account  of  all  business  that  he  has 
transacted  for  the  Association,  and  make  annually  a  general  report  for 
publication  In  the  annual  volume  of  Proceedings.  He  shall  attend  to  the 
printing  and  distribution  of  the  annual  volume  of  Proceedings,  and  all 
other  printing  ordered  by  tho  Association.  He  shall  issue  a  circular  of 
information  to  members  and  fellows  at  least  three  months  before  each 
meeting,  and  shall,  in  connection  with  the  Local  Committee,  make  all 
necessary  arrangements  for  the  meetings  of  the  Association.  He  shall 
provide  the  Secretaries  of  the  Association  with  such  books  and  stationery 
as  may  be  required  for  tlielr  records  and  business,  and  shall  provide  mem* 
bers  and  fellows  with  such  blank  forms  as  may  be  required  for  facilitating 
the  business  of  the  Association.  He  shall  collect  all  assessments  and  ad- 
mission fees,  and  notify  members  and  fellows  of  their  election,  and  of  any 
arrearages.  He  shall  receive,  and  bring  before  the  Council,  the  titles  and 
abstracts  of  papers  proposed  to  be  read  before  the  Association.  He  shall 
keep  an  account  of  all  receipts  and  expenditures  of  the  Association,  and 
report  the  same  annually  at  the  first  meeting  of  the  Council,  and  shall  pay 
over  to  the  Treasurer  such  unexpended  funds  as  the  Council  may  direct. 
He  shall  receive  and  hold  In  trust  for  the  Association  all  books,  pamphlets 
and  manuscripts  belonging  to  tho  Association,  and  allow  the  use  of  the 
same  under  the  provisions  of  the  Constitution  and  the  orders  of  the 
Council.  He  shall  receive  all  communications  addressed  to  the  Associa- 
tion during  the  interval  between  meetings,  and  properly  attend  to  the 
same.  He  shall  at  each  meeting  report  the  names  of  fellows  and  members 
who  have  died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Council,  and  may  employ  one  or  more 
clerks  at  such  compensation  as  may  be  agreed  upon  by  the  ConnciL 
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Art.  15.  The  Treasurer  shall  invest  the  ftinds  received  by  him  In  snch 
secarities  as  may  be  directed  by  the  Council.  He  shau  annually  present 
to  the  Council  an  account  of  the  funds  In  his  charge.  JB^o  ezpenmture  of 
the  principal  in  the  hands  of  the  Treasurer  shall  be  made  witnout  a  unan- 
imous vote  of  the  Council,  and  no  expenditure  of  the  Income  received  by 
the  Treasurer  shall  be  made  without  a  two-thirds  vote  of  the  Count  ii. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records  of 
their  respective  sections,  and,  at  the  close  of  the  meeting,  give  the  same, 
including  the  records  of  subsections,  to  the  General  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  in  order  of  their  continuous  membership  in  the 
Association. 

Art.  17.  In  case  of  a  vacancy  In  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Council  as  the  President  of  the 
meeting.  Vacancies  in  the  offices  of  Vice  President,  Permanent  Secre- 
tary, General  Secretary,  Secretary  of  the  Council,  and  Treasurer,  shall  be 
filled  by  nomination  of  the  Council  and  election  by  ballot  hi  General  Ses- 
sion. A  vacancy  In  the  office  of  Secretaiy  of  a  Section  shall  be  filled  by 
nomination  and  election  by  ballot  In  the  Section. 

Art.  18.  The  Council  shall  consist  of  the  past  Presidents,  and  the 
Vice  Presidents  of  the  last  meeting,  together  with  the  President,  the  Vice 
Presidents,  the  Permanent  Secretary,  the  General  Secretary,  the  Secretary 
of  the  Council,  the  Secretaries  of  tlie  Sections,  and  the  Treasurer  of  tlie 
current  meeting,  with  the  addition  of  one  fellow  elected  from  each  Suc- 
tion by  ballot  on  the  first  day  of  its  meeting.  Tlie  members  present  at 
any  regularly  called  meeting  of  the  Council,  provided  there  arc  at  least 
five,  shall  form  a  quorum  for  the  transaction  of  business.  The  Council 
shall  meet  on  the  day  preceding  each  annual  meeting  of  the  Association, 
and  arrange  the  programme  for  the  first  day  of  the  sessions.  The  time 
and  place  of  this  fii*st  meeting  shall  be  designated  by  the  Permanent  Sec- 
letary.  Unless  otherwise  agreed  upon,  regular  meetings  of  the  Council 
shall  be  held  in  the  council  room  at  9  o'clock,  a.m.,  on  each  day  of  the 
meeting  of  the  Association.  Special  meetings  of  the  Council  may  be 
called  at  any  time  by  the  President.  The  Council  shall  be  the  board  of 
supervision  of  the  Association,  and  no  business  shall  be  transacted  by  the 
Association  that  has  not  first  been  referred  to,  or  originated  with,  the 
Council.  The  Council  shall  receive  and  assign  papers  to  the  respective 
sections ;  examine  and,  if  necessary,  exclude  papers ;  decide  which  papers, 
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discassioos  andoUier  proceedings  shall  be  published,  and  have  the  general 
direction  of  tnc  pnbUcations  of  the  Association;  manage  the  financial 
afiuirs  of  the  Association ;  arrange  the  business  and  programmes  for  Gen- 
eral Sessions ;  suggest  subjects  for  discussion,  investigation  or  reports ; 
elect  members  and  fellows ;  and  receive  and  act  upon  all  invitations  ex- 
tended to  the  Association  and  report  the  same  at  a  General  Session  of 
the  Association.  The  Council  shall  receive  all  reports  of  Special  Com- 
mittees and  decide  upon  them,  and  only  such  shall  be  read  in  General 
Sesiiion  as  the  Council  shall  direct.  The  Council  shall  appoint  at  each 
meeting  the  following  sub- committees  who  shall  act,  subject  to  appeal 
to  the  whole  Council,  until  their  successors  are  appointed  at  the  follow- 
ing meeting:  1,  on  Papers  and  Reports;  2,  on  Members;  8,  on  Fellows. 

Art.  19.  The  Nominating  Committee  shall  consist  of  the  Council,  and 
one  member  or  fellow  elected  by  each  of  the  Sections.  It  shall  be  the  duty 
of  this  Committee  to  meet  at  the  call  of  the  President  and  nominate  the 
general  officers  for  the  following  meeting  of  tlie  Association.  It  shall  also 
be  the  duty  of  this  Committee  to  recommend  the  time  and  place  for  the 
next  meeting.  The  Vice  President  and  Secretary  of  each  Section  shall 
be  recommended  to  the  Nominating  Committee  by  a  sub-committee  con- 
sisting of  the  Vice  President,  Secretary,  and  three  members  or  fellows 
elected  by  the  Section. 

Mkbtings. 
Art.  20.  The  Association  shall  hold  a  public  meeting  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of 
the  Association,  and  the  preliminary  arrangements  for  each  meeting  shall 
be  made  by  the  Local  Committee,  In  conjunction  with  the  Permanent  Sec- 
retary and  such  other  persons  as  the  Council  may  designate. 

Art.  21.  A  General  Session  shall  be  held  at  10  o'clock  ik.  m.,  on  the  first 
day  of  the  meeting,  and  at  such  other  times  as  the  Council  may  direct. 

Skctions  and  Subsections. 
Art.  22.  The  Association  shall  be  divided  Into  Sections,  namely: — 
A,  Mathematiea  and  Astronomy ;  B,  Physics ;  C,  Chemistry^  including  Us 
application  to  agriculture  and  the  arts ;  D,  Mechanical  Science  and  Engi' 
neering;  E,  Geology  and  Geography;  F,  Biology;  [G,  united  to  section  F] ; 
H,  Anthropology;  I,  Economic  Science  and  Statistics.  The  Council  shall 
have  power  to  consolidate  any  two  or  more  Sections  temporarily,  and 
such  consolidated  Sections  shall  be  presided  over  by  the  senior  Vice  Pres- 
ident and  Secretary  of  the  Sections  comprising  it. 
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Art.  23.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who«  with  the  Vice 
President  and  Secretary,  shall  form  its  Sectiooal  Committee.  The  Sec- 
tional Committees  shall  have  power  to  fill  vacancies  in  their  own  numbers. 
Meetings  of  the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session. 

Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its  pleasure 
form  one  or  more  temporary  Subsections,  and  niay  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  shall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

Art.  25.  A  paper  shall  not  be  read  in  any  Section  or  Subsection  until 
it  has  been  received  fjrom  the  Council  and  placed  on  the  programme  of  the 
day  by  the  Sectional  Committee. 

Sbctional  Committers. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  Sections.  They  shall  prepare  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the  I 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Council.  No  change 
shall  be  made  in  the  programme  for  the  day  in  a  Section  without  the  con- 
sent of  the  Sectional  Committee.  The  Sectional  Committees  may  reftise 
to  place  the  title  of  any  paper  on  the  programme ;  but  every  such  title, 
with  the  abstract  of  the  paper  or  the  paper  itself,  must  bo  returned  to 
the  Council  with  the  reasons  why  it  was  refhsed. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  programme 
any  paper  inconsistent  with  the  character  of  the  xVssoclation;  and  to  this 
end  they  have  power  to  call  for  any  paper,  the  character  of  which  may  not 
be  sufficiently  understood  ftom  the  abstract  submitted. 

Papers  and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  :vs  early  as  possible,  and  when  practicable  before  the  conven-  i 

ing  of  the  Association,  fUU  tltle^of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature ;  and  no  title  shall  be  referred  by  the  Coun- 
cil to  the  Sectional  Committee  until  an  abstract  of  the  paper  or  the  paper 
itself  has  been  received. 

Art.  29.  If  the  author  :>t  any  paper  be  not  ready  at  the  time  assigned, 
tho  title  may  be  dropped  to  the  bottom  of  the  list. 
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Art.  30.  Wheneyer  practicable,  the  proceedings  and  discussions  at 
General  Sessions,  Sections  and  Sabsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 
'«%ports  of  the  Association  unless  revised  by  the  Secretaries. 

Pbintbd  Proceedinos. 

Art.  31.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  adjournment.  Authors  must  prepare  their 
papers  or  abstracts  ready  for  the  press,  and  these  must  be  in  the  hands  of 
the  Secretaries  of  the  Sections  before  the  final  adjournment  of  the  meeting, 
otherwise  only  the  titles  will  appear  in  the  printed  volume.  The  Council 
shall  have  power  to  order  the  printing  of  any  paper  by  abstract  or  title 
only.  Whenever  practicable,  proofs  shall  be  forwarded  to  authors  for 
revision.  If  any  additions  or  substantial  alterations  are  made  by  the 
author  of  a  paper  after  its  submission  to  the  Secretary,  the  same  shall  be 
distinctly  indicated.  Illustrations  must  be  provided  for  by  the  authors  of 
the  papers,  or  by  a  special  appropriation  from  the  Council.  Immediately 
on  publication  of  the  volume,  a  copy  shall  be  forwarded  to  every  mem- 
ber and  fellow  of  the  Association  who  shall  have  paid  the  assessment  for 
the  meeting  to  which  it  relates,  and  it  shall  also  be  offered  for  sale  by  the 
Permanent  Secretary  at  such  price  as  may  be  determined  by  the  Council. 
The  Council  shall  also  designate  the  institutions  to  which  copies  shall  be 
distributed. 

Local  Committek. 

Art.  82.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  officers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least  one 
month  before  the  meeting. 

Library  of  the  Association. 
Art.  33.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  famish  a  copy  to  any  member  or  fellow  on  appli- 
cation. Members  and  fellows  who  have  paid  their  assessments  in  full 
bhall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make  good 
any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the  Secre- 
tary at  the  time  specified  in  the  receipt  given.    All  books  and  pamphlets 
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in  circulation  mast  be  returned  at  each  meeting.  Not  more  than  five  books, 
including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be  held  at  one 
time  by  any  member  or  fellow.  Any  book  may  be  withheld  fh>m  circu- 
lation by  order  of  the  Council. 

Admission  Feb  akd  Assessments. 

Art.  34.  The  admission  fee  for  members  shall  be  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a  fellow 
an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  35.  The  annual  assessment  for  members  and  fellows  shall  be  three 
dollars. 

Art.  36.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member  and  as 
such  shall  be  exempt  from  all  fhrther  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall  be 
invested  as  a  permanent  fhnd,  the  income  of  which,  during  the  life  of  the 
member,  shall  form  a  part  of  the  general  ftmd  of  the  Association ;  but, 
after  his  death,  shall  be  used  only  to  assist  in  original  research,  unless 
otherwise  directed  by  unanimous  vote  of  the  Council. 

Art.  37.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Aocounts. 

Art.  38.  The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  Auditors  appointed  by  the  Council. 

Alterations  of  the  CoNSTrrunoN. 
,  Art.  39.    No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  General  Session,  after  notice,  given  at  a  General  Session  of  a 
preceding  meeting  of  the  Association. 


ORDER  OF  PROCEEDINGS  IN  ORGANIZING  A  MEETING. 

1.  The  retiring  President  introdaces  the  President  elect,  who  takes  the  chair. 

2.  Formalities  of  welcome  of  the  Association  as  may  be  arranged  by  the  Local 
Committee. 

8.  Report  of  the  list  of  papers  entered  and  their  reference  to  the  Sections. 

4.  Other  reports. 

6.  Announcements  of  arrangements  by  the  Local  Committee. 

6.  Announcements  of  Elections  by  the  Council. 

7.  (Jucnumerated  business. 

8.  Adjournment  to  meet  in  Sections. 

This  order,  so  for  as  applicable,  to  be  followed  in  subsequent  General  Sessions. 


MEMBERS 


OF  THB 


AMERICAN    ASSOCIATION 

FOR  THB 

ADVANCEMENT  OF  SCIENCE.^ 


PATBONS.' 


Thompson,  Mrs.  Elizabeth,  Stamford,  Conn.  (22). 

Lilly,  Gbn.  William,  Maoch  Chnnk,  Carbon  Co.,  Fa.  (28)  F  E 

Herbman,  Mrs.  Esthkr,  59  West  56th  St.,  New  York,  N.  Y.  (29). 

MEMBEBS.' 

Abbe,  Robert,  11  W.  50tli  St.,  New  York,  N.  Y.  (36). 

Abert,  S.  Thayer,  810  19th  St.,  N.  W.,  Washington,  D.  0.  (80).  A  B  D 

EI 
Adams,  W.  H.,  Consulting  Engineer,  71  Wall  St.,  New  York,  N.  Y.  (36). 
Agard,  Dr.  A.  H.,  1259  Alice  St.,  Oakland,  Alameda  Co.,  Cal.  (28). 
Aher,  Mrs.  Mary  R.  Ailing,  Waterbnry,  Conn.  (29).  B  P  O 
Alberger,  Louis  R.,  P.  O.  Box  2227,  New  York,  N.  Y.  (36).  O 
Alden,  Jno.,  Pacific  Mills,  Lawrence,  Mass.  (86). 

^The  immbers  in  parentheses  indicate  the  meeting  at  which  the  member  was  elected. 
The  black  letters  at  the  end  of  line  indicate  the  sections  to  which  members  elect  to  be- 
long. The  Constitution  reqnires  that  the  names  of  all  members  two  or  more  years  in 
arrears  shall  be  omitted  Arom  the  list,  but  their  names  will  be  restorad  on  payment  of 
arrearages.  Members  not  in  an*ears  are  entitled  to  the  annual  volume  of  Proceedings 
bound  in  paper.  The  payment  of  ten  dollars  at  one  time  entitles  a  member  to  the  sttbse^ 
quent  volumes  to  tofticA  Ae  may  be  entitledj  bound  in  elothj  or  by  the  payment  of  twenty 
dollars^  to  such  volumes  bound  in  ha^  mqroeco. 

*  Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed 
as  Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publications. 

The  names  of  Patrons  ai'e  to  remain  permanently  on  the  list. 

•Any  Member  or  Fellow  may  become  a  Life  Member  by  the  payment  of  fifty  dollars. 
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Wheeler,  Prof.  C.  Gilbert,  81  Clark  St.,  Chicago,  111.  (18).    1883.  C  B 
Wheeler,  Orlando  B.,  343  N.  18th  St.,  Philadelphia,  Pa.  (24).    1882.  A  D 
Whelldon,  W.  W.,  Box  229,  Concord,  Mass.  (13).     1874.  B  B 
White,  Prof.  C.  A.,  Le  Droit  Park,  Washington,  D.  C.  (17).     1875.  B  F 
White,  Prof.  H.  C,  Univ.  of  Georgia,  Athens,  Ga.  (29).    1885.    C 
White,  Prof.  I.  C,  Univ.  of  W.  Va.,  Morgantown,  W.  Va.  (25).    1882.  B 
Whiteaves,  J.  F.,  Geological  Sui-vey,  Ottawa,  Can.  (31).     1887.  B  F 
Whitfield,  R.  P.,  American  Museum  Natural  History,  77th  St.  &  8th  Ave- 
nue, New  York,  N.  Y.  (18).    1874.    B  F  H 
Whiting,  Miss  Sarah  F.,  Wellesley  College,  Wellesley,  Mass.  (81).    1883. 

BA 
Whitman,  Prof.  Frank  P.,  Adelbert  College,  Cleveland,  Ohio  (33).     1885. 
Wilber,  G.  M.,  Pine  Plains,  N.  Y.  (19).     1874.  F  H 
Wilbur,  A.  B.,  Mlddletown,  N.  Y.  (23).     1874. 

Wilder,  Prof.  Burt  G.,  Cornell  University,  Ithaca,  N.  Y.  (22).    1876.    F 
Wiley,  Prof.  Harvey  W.,  Dep't  of  Agrlc,  Washington,  D.C.  (21).  1874.  O 
Williams,  Benezette,  171  La  Salle  St.,  Chicago,  111.  (33).    1887.  D 
Williams,  Charles H.,  M.D.,  7  Otis  Place,  Boston,  Mass.  (22).   1874. 
Williams,  Geo.  Huntington,  Johns  Hopkins  Univ.,  Baltimore,  Md.  (33). 

1886.  B 
Williams,  Henry  Shaler,  Cornell  Univ.,  Ithaca,  N.  Y.  (18).    1882.  B  F 
Williams,  Prof.  Henry  W.,  15  Arlington  St.,  Boston,  Mass.  (11).    1874.  H 

F 
Williams,  Prof.  S.  G.,  Cornell  Univ.,  Ithaca,  N.  Y.  (33).    1885.  B 
Wlllson,  Prof.  Frederick  N.,  Princeton,  N.  J.  (33).    1887.  A  D 
WUson,    Prof.    Daniel,    President   University  College,    117  Bloor  St., 

Toronto,  Canada  (25).     1876.  H  B 
Wilson,  H.  C,  U.  S.  Naval  Observatory,  Washington,  D.   C.     (30). 

1885.  A 

Wilson,  Joseph  M.,  Room  1036,  Drexel  Building,  Philadelphia,  Pa.    (33). 

1886.  D 

Wilson,  Thomas,  U.  S.  Nat'l  Museum,  Washington,  D.  C.  (36).    1888.   H 
Winchell,  Prof.,  Alex.,  Ann  Arbor,  Mich.  (3).    1875.  B 
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Winchell,  Prof.  N.  H.^Unlv.  of  Minnesota,  Minneapolis,  Minn.  (19).  1874. 

£  n 

Wlnlock,  Wm.  C,  U.  S.  N,  Observ.,  Washington,  D.  C.  (33).  1885.  A  B 
Woerd,  Chas.  V.,  Am.  Watch  Co.,  Waltham,  Mass.  (29).     1881.  D  A 
Wood,  Prof.  De  Volson,  Hoboken,  N.  J.  (29).     1881. 
Woodbury,  C.  J.  H.,  31  Milk  St.,  Boston,  Mass.  (29).    1884.  D 
Woodward,  Prof.  Calvin  M.,   1761  Missouri  Ave.,  St.  Louis,  Mo.  (82). 

1884.  DAI 

Woodward,  R.  S.,  care  of  U.  S.  Geol.  Survey,  Washington,  D.  C.  (88). 

1885.  A  B  D 

Wormley,  T.  G.,  Univ.  of  Pennsylvania,  Philadelphia,  Pa.  (20).    1878. 
Worthen,  W.  E.,  68  Bleeker  St.,  New  York,  N.  Y.  (86).  1888.   D 
Wrampelmeier,  Theo.  J.,  San  Diego,  Cal.  C34).     1887.  C 
Wright,  Prof.  Albert  A.,  Oberlin  College,  Oberlin,  Ohio  (24).    1880.  E  F 
Wright,  Prof.  Arthur  W.,  Yale  Coll.,  New  Haven,  Conn.  (14).    1874.  A  B 
Wrlgbt,  Rev.  Geo.  F.,  Oberlin  College,  Oberlin,  Ohio  (29).     1882.  B 
Wurtele,  Rev.  Louis  C,  Acton  Yale,  Province  of  Quebec,  Can.  (11). 
1875.  £ 

Young,  A.  V.  E.,  Northwestern  Univ.,  Evanston,  111.  (38).     1886.  C  B 
Young,  C.  A.,  Prof,  of  Astronomy,  College  of  New  Jersey,  Princeton, 
N.  J.    (18).     1874.  A  B  D 

Zentmayer,  Joseph,  147  S.  Fourth  St.,  Philadelphia,  Pa.  (29).    1882.  F 
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Abbe,  George  W.,  New  York,  N.  Y.  (23).    Died  Sept.  25,  1879. 

Abert,  John  James,  Washington,  D.   C.  (1).    Born  in  Shepherdstown, 

Va.,  Sept.  17,  1788.    Died  in  Washington,  D.  C,  Sept.  27,  1863. 
Adams,  Charles  Baker,  Amherst,  Mass.  (1).    Born  In  Dorchester,  Mass., 

Jan.  II,  1814.    Died  in  St.  Thomas,  W.  I.,  Jan.  19,  1853. 
Adams,  Edwin  F.,  Charlestown,  Mass.  (18). 
Adams,  Samuel,  Jacksonville,  111.  (18).    Born  Dec.  19,  1806.    Died  April 

29,  1877. 
Agassiz,  Louis,  Cambridge,  Mass.  (1).    Bom  in  Parish  of  Motier,  Switz- 
erland, May  28,  1807.    Died  in  Cambridge,  Mass.,  Dec.  U,  1873. 
Ainsworth,  J.  G.,  Barry,  Mass.     (14). 
Alexander,  Stephen,  Princeton,  N.  J.  (1).    Born  Sept.  1,  1806.  Died  June 

25,  1883. 
Allen,  Thomas,  St.  Louis,  Mo.  (27).    Died  April  8,  1882. 
Allen,  Zacharlah,  Providence,  R.  I.  (1).    Born  in  Providence,  R.  I.,  Sept. 

15,  1795.     Died  March  17,  1882. 
Allston,  Robert  Francis  Withers,  Georgetown,  S.  C.  (3).    Born  in  All 

Saints  Parish,  S.  C,  April  21,  1801.     Died  near  Georgetown,  S.  C, 

April  7,  1864. 
Alvord,  Benjamin,  Washington,  D.  C.  (17).    Born  In  Rutland,  Vt.,  Aug. 

18,  1813.     Died  Oct.  16,   1884. 
Ames,  M.  P.,  Springfield,  Mass.  (1).    Born  in  1803.    Died  April  23,  1847. 
Andrews,  Ebenezer  Baldwin,  Lancaster,  Ohio   (7).     Born  in  Danbury, 

Conn.,  April  29,  1821.    Died  in  Lancaster,  Ohio,  Aug.  14,  1880. 
Anthony,  Charles  H.,  Albany,  N.  Y.  (6).    Died  in  1874. 
Appleton,  Nathan,  Boston,  Mass.  (1).    Born  in  New  Ipswich,  N.  H.,  Oct. 

6,  1779.    Died  July  14,  1861. 
Armstrong,  John  W.,  Fredonia,  N.  Y.  (24). 
Ashburner,  Wm.,  San  Francisco,  Cal.  (29).    Born  In  Stockbridge,  Mass., 

March,  1831.     Died  In  San  Francisco,  Cal.,  April  20,  1887. 
Atwater,  Mrs.  S.  T.,  Chicago,  III.  (17).    Born  Aug.  8, 1812.    Died  April  11, 

1878. 
Aufrecht,  Louis,  Cincinnati,  Ohio  (30). 

Bache,  Alexander  Dallas,  Washington,  D.  C.  (1).    Bom  In  Philadelphia, 
Pa.,  July  19,  1806.    Died  at  Newport,  R.  I.,  Feb.  17,  1867. 
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Bache,  Franklin,  Philadelphia,  Pa.  (1).    Born  in  Philadelphia,  Pa.,  Oct. 

25,  1792.    Died  March  19,  1864. 
Bailey,  Jacob  Whitman,  West  Point,  N.  Y.  (1).    Bom  in  Auburn,  Mass., 

April  29,  1811.      Died  in  West  Point,  N.  Y.,  Feb.  26,  1867. 
Balrd,  Spencer  FuUerton,  Washington,  D.  C.  (1).    Born  in  Reading,  Pa., 

Feb.  3,  182.3.     Died  in  Wood's  Holl,  Mass.,  Aug.  19,  1887. 
Bard  well,  F.  W.,  Lawrence,  Kan.  (13).    Died  in  1878. 
Barnard,  John  Gross,  New  York,  N.  Y.  (14).     Born  in  Sheffield,  Mass., 

May  19,  1815.     Died  in  Detroit,  Mich.,  May  14,  1882. 
Barrett,  Moses,  Milwaukee,  Wis.  (21).    Died  in  1878. 
Barry,  Redmond,  Melbourne,  Australia  (25). 
Bassett,  Daniel-  A.,  Los  Angeles,  Cal.  (29).    Born  Dec.  8,  1819.    Died 

May  26,  1887. 
Bassnett,  Thomas,  Jacksonville,  Fla.  (8).    Born  1807.    Died  in  Jackson- 
ville, Fla.,  Feb.  16, 1886. 
Bayne,  Herbert  Andrew,  Kingston,  Ont.,  Can.   (29).    Born  in  London, 

derry,  Nova  Scotia,  Aug.  16,  1846.    Died  In  Pictou,  Can.,  Sept.  16, 

1886. 
Beach,  J.  Watson,  Hartford,  Conn.  (23).    Born  Dec.  28, 1823.    Died  Mar. 

16,  1887. 
Beck,  C.  F.,  Philadelphia,  Pa.  (1). 
Beck,  Lewis  Caleb,  New  Brunswick,  N!  J.  (1).     Born  in  Schenectady, 

N.  Y.,  Oct.  4,  1798.     Died  April  20,  1853. 
Beck,  Theodoric  Romeyn,  Albany,  N.  Y.  (1).  Born  in  Schenectady,  N.  Y., 

Aug.  11, 1791.    Died  in  Utlca,  N.  Y.,  Nov.  19,  1856. 
Beckwith,  Henry  C,  Coleman's  Station,  N.  Y.  (29).    Died  July  12,  1885. 
Belfrage,  G.  W.,  Clifton,  Texas  (29).    Died  Dec.  7,  1882. 
Belt,  Thomas,  London,  £ng.  (27).    Died  Sept.  8,  1878. 
Benedict,  George  Wyllys,  Burlington,  Vt.  (16).    Born  Jan.  11,  1796.  Died 

Sept.  23,  1871. 
Bicknell,  Edwin,  Boston,  Mass.  (18).    Born  In  1830.    Died  March  19, 1877. 
Binney,  Amos,  Boston,  Mass.  (1).    Born  in  Boston,  Mass.,  Oct.  18,  1803. 

Died  in  Rome,  Feb.  18,  1847. 
Binney,  John,  Boston,  Mass.  (3). 
Blackie,  Geo.  S.,  Nashville,  Tenn.  (26). 

Blair,  Henry  W.,  Washington,  D.  C.  (26).    Died  Dec.  16,  1884. 
Blake,  Eli  Whitney,  New  Haven,  Conn.  (1).    Born  Jan.  27,  1795.    Died 

Aug.  18,  1886. 
Blake,  Homer  Crane,  New  York,  N.  Y.  (28).    Bom  in  Cleveland,  Ohio, 

Feb.  1,  1822.     Died  in  New  York,  N.  Y.,  Jan.  20,  1880. 

Blanding,  William, ,  R.  L  (1). 

Blatchford,  Thomas  W.,  Troy,  N.  Y.  (6). 

Blatchley,  Miss  S.  L.,  New  Haven,  Conn.  (19).     Died  March  13,  1873. 
Boadle,  John,  Haddonfleld,  N.  J.  (20).    Born  In  1805.     Died  In  July,  1878. 
Bomford,  George,  Washington,    D.   C.    (1).    Born  In  New  York,  1780. 

Died  In  Boston,  Mass.,  March  25,  1848. 
Bowles,  Miss  Margaixttu,  Columbia,  Tenn.  (26).    Died  July,  1887. 
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Bowron,  James,  South  Pittsburg,  Tenn.  (26).    Died  In  Dec,  1877. 

Bradley,  Leverette,  Jersey  City,  N.  J.  (15).    Died  In  1876. 

Braitbwaite,  Jos.,  Chambly,  C.  W.  (11). 

Briggs,  Albert  D.,  Springfield,  Mass.  (13).     Died  Feb.  20,  1881. 

Briggs,  Robert,  Philadelphia,  Pa.  (29).    Born  May  18,  1822.    Died  July 

24,  1882. 
Brigham,  Charles  Henry,  Ann  Arbor,  Mich.  (17).    Born  in  Boston,  Mass., 

July  27,  1820.    Died  Feb.  19,  1879. 
Brown,  Andrew,  Natchez,  Miss.  (1). 
Brown,  Horace,  Salem,  Mass.  (27).    Died  in  July,  1883. 
Bull,  John,  Washington,  D.  C.  (31).  Born  Aug.  1, 1819.  Died  June  9, 1884. 
Burbank,  L.  S.,  Woburn,  Mass.     (18). 

Burke,  Joseph  Chester,  Middletown,  Conn.  (29).    l)ied  In  1885. 
Burnap,  George  Washington,  Baltimore,  Md.  (12).    Bom  in  Merrimack, 

N.  H.,  Nov.  30,  1802.    Died  in  Philadelphia,  Pa.,  Sept.  8,  1859. 
Burnett,  Waldo  Irving,  Boston,  Mass.  (1).  Born  In  Southborough,  Mass., 

July  12,  1828.    Died  in  Boston,  Mass.,  July  1,  1854. 
Butler,  Thomas  Belden,  Norwalk,  Conn.  (10).   Born  Aug.  22,  1806.    Died 

June  8,  1878. 

Calms,  Frederick  A.,  New  York,  N.  Y.  (27).    Died  in  1879. 

Campbell,  Mrs.  Mary  H.,  Crawfordsvllle,  Ind.  (22).    Died  Feb.  27,  1882. 

Carpenter,  Thornton,  Camden,  S.  C.  (7). 

Carpenter,  William  M.,  New  Orleans,  La.  (1). 

Case,  Leonard,  Cleveland,  Ohio  (15).    Born  June  27,  1820.    Died  Jan.  5, 

1880.  • 

Case,  William,  Cleveland,  Ohio  (6). 

Caswell,  Alexis,  Providence,  R.  I.  (2).  Born  Jan.  29, 1799.    Died  In  Prov- 
idence, R.  I.,  Jan.  8,  1877. 
Chadbourne,  Paul  Ansel,  Amherst,  Mass.  (10).     Bom  in  North  Berwick, 

Me.,  Oct.  21,  1823.     Died  Feb.  23,  1883. 
Chapman,  Nathaniel,  Philadelphia,  Pa.  (1).    Born  in  Alexandria  Co.,  Va., 

May  28, 1780.    Died  July  1>  1853. 
Chase,  Pliny  Earle,  Haverford  College,  Pa.  (18).     Born  in  Worcester, 

Mass.,  Aug.  18,  1820. 
Chase,  Stephen,  Hanover,  N.  H.  (2).   Born  in  1813.  Died  Aug.  5, 1851. 
Chauvenet,  William,  St.  Louis,  Mo.  (1).    Born  May  24,  1819.    Died  Dec. 

13,  1870. 
Cheesman,  Louis  Montgomery,  Hartford,  Conn.  (32).  Born  In  1858.  Died 

in  Jan.,  1885. 
Cheney,  Miss  Margaret  S.,  Jamaica  Plain,  Mass.  (29).    Died  in  1882. 
Chevreul,  Michel  Eugene,  Purls,  France  (35).    Born  In  Anglers,  France, 

Aug.  81,  1786.     Died  in  April,  1889. 
Clapp,  Asahel,  New  Albany,  Ind.  (1).    Born  Oct.  5,  1792.    Died  Dec.  15, 

1862. 
Clark,  Henry  James,  Cambridge,  Mass.  (13).      Bora  In  Easton,  Mass., 

June  22,  1826.    Died  In  Amherst,  Mass.,  July  1,  1873. 
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Clark,  Joseph,  Cincinnati,  Ohio  (5). 

Clark,  Patrick,  Rahway,  N.  J.  (33).     Died  March  6,  1887. 

Clarke,  A.  B.,  Holyoke,  Mass.  (13). 

Cleaveland,  C.  H.,  Cincinnati,  Ohio  (9). 

Cleveland,  A.  B.,  Cambridge,  Mass.  (2). 

Coffin,  James  Henry,  Easton,  Pa.  (1).  Bom  in  Northampton,  Mass.,  Sept. 

6,  1806.     Died  Feb.  6,  1873. 
Cole,  Fredeiick,  Montreal,  Can.  (81).    Died  in  1887. 
Cole,  Thomas,  Salem,  Mass.  (1).    Bom  Dec.  24, 1779.    Died  June  24, 1862. 
Coleman,  Henry,  Boston,  Mass.  (1). 
Collins,  Frederick,  Washington,  D.  C.  (28).    Born  Dec.  5,  1842.    Died 

Oct.  27,  1881. 
Conrad,  Timothy  Abbott,  Philadelphia,  Pa.  (1).     Bora  in  New  Jersey, 

June,  21,  1808.     Died  Aug  9,  1877. 
Cooke,  Caleb,  Salem,  Mass.  (18).    Born  Feb.  15, 1838.  Died  June  6, 1880. 
Cooper,  William,  Hoboken,  N.  J.  (9).     Died  in  1864. 
Copes,  Joseph  S.,  New  Orleans,  La.   (11).     Born  Dec.  9,  1811.      Died 

March  1,  1885. 
Corning,  Erastus,  Albany,  N.  T.  (6).    Bom  in  Norwich,  Conn.,  Dec.  14« 

1794.     Died  April  9,  1872. 
Costin,  M.  P.,  Fordham,  N.  Y.  (80).    Died  June  8,  1884. 
Couper,  James  Hamilton,  Darien,  Ga.  (1).  Born  March  5, 1794.  Died  July 

3,  1866. 
Cramp,  Jolin  Mockett,  WolfVlUe,  N.  S.  (11).    Born  in  Kent,  England,  July 

25,  1796.      Died  Dec.  6,1881. 
Crehore,  John  D.,  Cleveland,  Ohio  (24).  * 

Crocker,  Charles  F.,  Lawrence,  Mass.  (22).    Died  in  July,  1881. 
Crocker,  Miss  Lucretia,  Boston,  Mass.  (29).    Died  in  1886. 
Crosby,  Alphcus,  Salem,  Mass.  (10).    Born  in  Sandwich,  N.  H.,  Oct.  13, 

.  1810.     Died  April  17,  1874. 
Crosby,  Thomas  Russell,  Hanover,  N.  H.  (18).    Born  Oct.  22, 1816.    Died 

March  1,  1872. 
CrosweU,  Edwin,  Albany,  N.  Y.  (6).    Born  in  Catsklll,  N.  Y.,  May  29,  1797. 

Died  June  13,  1871. 
Crow,  Waymau,  St.  Louis,  Mo.  (27).     Born  March  7,  1808.     Died  May 

10,  1885. 
Curry,  W.  F.,  Geneva,  N.  Y.  (11). 
Curtis,  Josiah,  Washington,  D.  C.  (18).    Died  Aug.  1,  1883. 

Dalrymple,  E.  A.,  Baltimore,  Md.  (11).    Died  Oct.  30,  1881. 
Davenport,  H.  W.,  Washington,  D.  C.  (30). 

Dayton,  Edwin  A.,  Madrid,  N.  Y.  (7).    Born  in  1827.  Died  June  24,  1878. 
Dean,  Amos,  Albany,  N.  Y.  (6).    Born  in  Barnard,  Vt.,  Jan.  16, 1803.    Died 

Jan.  26,  1868. 
Dearborn,  George  H.  A.  S.,  Roxbury,  Mass.  (1). 
Dekay,  James  Ellsworth,  New  York,  N.  Y.  (1).    Born  in  New  York,  1792. 

Died  Nov.  21,  1851. 
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Delano,  Joseph  C,  New  Bedford,  Mass.  (5).    Born  Jan.  9,  1796.    Died 

Oct.  16,  1886. 
DeLaski,  John,  Carver's  Harbor,  Me.  (18). 
Devereux,  John  Henry,  Cleveland,  Ohio  (18).    Born  in  Boston,  Mass., 

April  6,  1832.    Died  in  Cleveland,  Ohio,  March  17,  1886. 
Dewey,  Chester,  Rochester,  N.  Y.  (1).  Born  in  Sheffield,  Mass.,  Oct.  25, 

1781.     Died  Dec.  15,  1867. 
Dexter,  G.  M.,  Boston,  Mass.  (11). 
Dillingham,  W.  A.  P.,  Augusta,  Me.  (17). 

Dlinmick,  L.  N.,  Santa  Barbara,  Cal.  (29).    Died  May  81,  1884. 
Dinwiddle,  Hardaway  H.,  College  Station.  Texas  (32).   Died  Dec.  11, 1887. 
Dixwell,  Geo.  B.,  Boston,  Mass.  (29).     Died  April,  1885. 
Doggett,  George  Newell,  Chicago,  111.  (38).     Born  in  Chicago,  III.,  Dec. 

19,  1868.    Died  in  Fredericksburg,  Va.,  Jan.  15,  1887. 
Doggett,  Mrs.  Kate  Newell,  Chicago,  III.  (17).    Born  in  Castleton,  Vt., 

Nov.  5,  1828.     Died  in  Havana,  Cuba,  March  18,  1884. 
Doggett,  Wm.  E.,  Chicago,  111.  (17).    Born  Nov.  20,  1820.    Died  in  1876. 
Doolittle,  L.,  Lenoxvllle,  C.  E.  (11).    Died  in  1862. 
Dorr,  Ebenezer  Pearson,  Buffalo,   N.   Y.    (25).     Born  in  Hartford,  Vt. 

Died  in  Buffalo,  N.  Y.,  April  29,  1882. 
Draper,  Henry,  New  York,  N.  Y.  (28).    Born  in  New  York,  N.  Y.,  March 

7,  1837.    Died  Nov.  20,  1882. 
Ducatel,  Julius  Tirnoleon,  Baltimore,  Md.  (1).    Bom  in  Baltimore,  Md., 

June  6,  1798.     Died  April  25,  1849. 
Duffleld,  George,  Detroit,  Mich.  (10).    Born  in  Strasburg,  Pa.,  July  4, 

1794.    Died  in  Detroit,  Mich.,  June  26,  1869. 
Dumont,  A.  H.,  Newport,  R.  I.  (14). 
Dun,  Walter  Angus,  Cincinnati,  Ohio  (31).    Bom  March  1,  1857.    Died 

Nov.  7,  1887. 
Duncan,  Lucius  C,  New  Orleans,  La.  (10).  Born  in  1801.  Died  Aug.  9, 1855. 
Dunn,  R.  P.,  Providence,  R.  I.  (14). 

Eads,  James  Buchanan,  New  York,  N.  Y.  (27).    Born  May  28, 1820.   Died 

March  8,  1887. 
Easton,  Norman,  Fall  River,  Mass.  (14).    Died  Dec.  21,  1872. 
Eaton,  James  H.,  Beloit,  Wis.  (17).    Died  Jan.  5,  1877. 
Elliott,  Ezekiel  Brown,  Washington,  D.  C.  (10).    Born  July  16, 1823.    Died 

May  24,  1888. 
Elsberg,  Louis,  New  York,  N.  Y.  (23).    Born  in  Iserlohn,  Prussia,  April  2, 

1836.     Died  in  New  York,  N.  Y.,  Feb.  19,  1885. 
Elwyn,  Alfred  Langdon,  Philadelphia,  Pa.  (1).    Born  in  Portsmouth,  N.  H., 

July  9,  1804.    Died  in  Philadelphia,  Pa.,  March  15,  1884. 
Ely,  Charles  Arthur,  Elyria,  Ohio  (4). 
Emerson,  Geo.  Barrell,  Boston,  Mass.  (1).  Born  InKennebunk,  Me.,  Sept. 

12,  1797.     Died  March  14,  1881. 
Emmons, Ebenezer,  Williamstown,  Mass.  (1).    Born  in  Middlefleld,  Mass., 

May  16,  1799.     Died  October  1,  1863. 
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Engelmann,  George,  St.  Louis,  Mo.  (1).     Born  in  Frankfort-on-the  Main, 

Germany,  Feb.  2,  1809.     Died  Feb.  4,  1844. 
Engstrom,  A.  B.,  Barllngton,  N.  J.  (1). 
Eustis,  Henry  Lawrence,  Cambridge,  Mass.  (2).    Born  Feb.  1,  1819.    Died 

,Jan.  11,  1885. 
Everett,  Edward,  Boston,  Mass.  (2).    Born  in  Dorchester,  Mass.,  April  11, 

1794.  Died  in  Boston,  Mass.,  Jan.  15,  1865. 

Ewing,  Tliomas,  Lancaster,  Ohio  (5).     Born  in  Ohio  Co.,  Va.,  Dec.  28, 
1789.    Died  Oct.  26,  1871. 

Faries,  R.  J.,  Waawatosa,  Wis.  (21).    Died  May  31,  1878. 

Farquharson,  Robert  James,  Des  Moines,  Iowa  (24).    Born  July  15,  1824. 

Died  Sept.  6,  1884. 
Ferris,  Isaac,  New  York,  N.  Y.  (6).    Born  in  New  York,  Oct.  9, 1798.    Died 

in  Roselle,  N.  J.,  June  16,  1878. 
Feuchtwanger,  Lewis,  New  York,  N.  Y.  (11).     Born  in  Ftlrth,  Bavaria, 

Jan.  11,  1805.    Died  in  New  York,  N.  Y.,  June  25,  1876. 
Fillmore,  Millard,  Buffalo,  N.  Y.  (7).    Bom  in  New  York,  Jan.  7,  1800. 

Died  March  8,  1874. 
Fisher,  Mark,  Trenton,  N.  J.  (10). 
Fitch,  Alexander,  Hartford,  Conn.  (1).    Born  March  25, 1799.    Died  Jan. 

20,  1859. 
Fitch,  O.  H.,  Ashtabula,  Ohio  (7).    Born  in  1803.    Died  Sept.  17,  1882. 
Foote,  Herbert  Carrington,  Cleveland,  Ohio  (85).    Born  in  1852.    Died 

Aug.  24,  1888. 
Forbush,  E.  B.,  Buffalo,  N.  Y.  (15). 
Force,  Peter,  Washington,  D.  C.  (4).    Born  in  New  Jersey,  Nov.  26,  1790. 

Died  in  Washington,  D.  C,  Jan.  23,  1868. 
Ford,  A.  C,  Nashville,  Tenn.  (26). 
Forshey,  Caleb  Goldsmith,  New  Orleans,  La.  (21).    Bom  in  Somerset  Co., 

Fa.,  July  18,  1812.    Died  in  CarroUton,  La.,  July  25,  1881. 
Foster,  John  Wells,  Chicago,  111.  (1).    Born  in  Brimfield,  Mass.,  March 

4,  1815.    Died  in  Chicago,  III.,  June  29,  1873. 
Foucon,  Felix,  Madison,  Wis.  (18). 
Fowle,  Wm.  Bentley,  Boston,  Mass.  (1).    Born  in  Boston,  Mass.,  Oct.  17 

1795.  Died  Feb.  6,  1865. 
Fox,  Charles,  Grosse  He,  Mich.  (7). 

Frazer,  John  Fries,  Phila.,  Pa.  (1).    Born  July  8, 1812.    Died  Oct.  12, 1872. 
Freeman,  Spencer  Hedden,  Cleveland,  Ohio  (29).    Born  Oct.  3,   1855. 

Died  Feb.  2, 1886. 
French,  John  William,  West  Point,  N.  Y.  (11).    Born  in  Connecticut, 

about  1810.    Died  in  West  Point,  N.  Y.,  July  8,  1871. 

Garber,  A.  P.,  Columbia,  Pa.  (29).    Died  Aug.  26,  1881. 

Gavit,  John  E.,  New  York,  N.  Y.  (1).    Born  in  New  York,  Oct.  29,  1819. 

Died  in  Stockbridge,  Mass.,  Aug.  25,  1874. 
Gay,  Martin,  Boston,  Mass.  (1).    Born  in  1804.    Died  Jan.  12,  1850. 


DECEASED  MEMBERS.  XClll 

Gibbon,  J.  H.,  Charlotte,  N.  C.  (8). 

Gillespie,  William  Mitchell,  Schenectady,  N.  Y.  (10).    Born  in  New  York, 

N.  Y.,  1816.     Died  in  New  York,  Jan.  I,  1868. 
Gllmor,  Robert,  Baltimore,  Md.  (1). 

Glazier,  W.  W.,  Key  West,  Fla.  (29).  Died  Dec.  11,  1880. 
Goldmark,  J.,  New  York,  N.  Y.  (29).  Died  In  April,  1882. 
Gould,  Augustus  Addison,  Boston,  Mass.  (11).    Born  April  28, 1805.   Died 

Sept.  15,  1866. 
Gould,  Benjamin  Apthorp,  Boston,  Mass.  (2).  Born  In  Lancaster,  Mass., 

June  15,  1787.    Died  Oct.  24, 1859. 
Graham,  James  D.,  Washington,  D.  C.  (1).    Born  In  Virginia,  1799.  Died 

in  Boston,  Mass.,  Dec.  28,  1865. 
Gray,  Alonzo,  Brooklyn,  N.  Y.  (18).    Born  in  Townshend,  Vt.,reb.  21, 

1808.    Died  in  Brooklyn,  N.  Y.,  March  10,  1860. 
Gray,  Asa,  Cambridge,  Mass.  (1).    Born  Id  Paris,  N.  Y.,  Nov.  18,  1810. 

Died  in  Cambridge,  Mass.,  Jan.  30,  1888. 
Gray,  James  H.,  Sprlugfleld,  Mass.  (6). 

Greene,  Benjamin  D.,  Boston,  Mass.  (1).    Died  Oct.  14,  1862,  aged  68. 
Greene,  Everett  W.,  Madison,  N.  J.  (10).    Died  In  1864. 
Greene,  Samuel,  Woonsocket,  R.  I.  (9).    Died  In  1868. 
Greer,  James,  Dayton,  Ohio  (20).    Died  In  Feb.,  1874. 
Griffith,  Robert  Eglesfield,  Philadelphia,  Pa.  (1).    Born  In  Philadelphia, 

Pa.,  Feb.  13,  1798.     Died  June  26,  1854. 
Grlswold,  John  Augustus,  Troy,  N.  Y.  (19).    Bom  Nov.  11,  1818.    Died 

Oct.  31,  1872. 
Guest,  William  E.,  Ogdensburg,  N.  Y.  (6). 
Guyot,  Arnold,  Princeton,  N.  J.  (1).  Bom  Sept.  6, 1809.  Died  Feb.  8, 1884. 

Habel,  Louis,  Northfleld,  Vt.  (84). 

Hackley,  Charles  William,  New  York,  N.  Y.  (4).    Born  in  Herkimer  Co., 

N.  Y.,  March  9,  1809.    Died  in  New  York,  N.  Y.,  January  10,  1861. 
Hadley,  George,  Buffalo,  N.  Y.  (6).    Born  June,  1813.  Died  Oct.  16,  1877. 
Haldeman,  Samuel  Stehman,  Chlckles,  Pa.  (1).      Born  Aug.  12,   1812. 

Died  Sept.  10,  1880. 
Hale,  Enoch,  Boston,  Mass.  (1).    Born  In  Westhampton,  Mass.,  Jan.  29, 

1790.    Died  In  Boston,  MaHS.,  Nov.  12, 1848. 
Hance,  Ebenezer,  F^Uslngton  P.  O.,  Pa.  (7).    Died  In  1876. 
Harding,  Myron  H.,  Lawrenceburg,  Ind.  (30.)    Died  Sept.,  1886. 
Hare,  Robert,  Philadelphia,  Pa.  (1).     Born  In  Philadelphia,  Pa.,  Jan.  17, 

1781.    Died  in  Philadelphia,  May  15,  1858. 
Harlan,  Joseph  G.,  Haverford,  Pa.  (8). 
Harlan,  Richard,  Philadelphia,  Pa.  (1).    Born  in  Philadelphia,  Pa.,  Sept. 

19, 1796.    Died  in  New  Orleans,  La.,  Sept.  30,  1843. 
Harris,  Thaddeus  William,  Cambridge,  Mass.  (1).    Born  In  Dorchester, 

Mass.,  Nov.  12,  1795.    Died  in  Cambridge,  Mass.,  Jan.  16,  1866. 
Harrison,  A.  M.,  Plymouth,  Mass.  (29). 
Harrison,  Benjamin  Franklin,  Wallingford,  Conn.  (11).    Bom  April  19, 

1811.    Died  April  28,  1886. 
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Harrison,  Jos.,  jr.,   Philadelphia,  Fa.  (12).    Born  in  Philadelphia,  Pa., 

Sept.  20,  1810.     Died  In  Philadelphia,  March  27,  1874. 
Hart,  Simeon,  Farmington,  Conn.  (1).    Born  Nov.  17,  1795.    Died  April 

20,  1853. 
Hartt,  Charles  Frederick,  Ithaca,  N.  T.  (18).    Born  In  Nova  Scotia,  Aug, 

20,  1840.     Died  March  18,  1878. 
Haven,  Joseph,  Chicago,  111.  (17).    Born  In  Dennis,  Mass.,  Jan.  4, 1816. 

Died  May  23,  1874. 
Hawes,  George  W.,  Washington,  D.  C.  (23).    Born  Dec.  81,  1848.    Died 

June  22,  1882. 
Uayden,  Ferdinand  Vandeveer,  Philadelphia,  Pa.  (29).     Born  in  West- 
field,  Mass.,  Sept.  7,  1829.     Died  Dec.  22,  1887. 
Hayden,  Horace  H.,  Baltimore,  Md.  (1).     Born  in  Winsor,  Conn.,  Oct.  13, 

1769.     Died  in  Baltimore,  Md.,  Jan.  26,  1844. 
Hayes,  George  E.,  Buffalo,  N.  Y.  (15). 
Hay  ward,  James,  Boston,  Mass.  (1).    Born  in  Concord,  Mass.,  June  12 

1786.     Died  in  Boston,  Mass.,  July  27,  1866. 
Hazen,  William  Babcock,  Washington,  D.  C.  (30).  Born  in  Hartford,  Vt., 

Sept.  27,  1830.     Died  Jan.  16,  1887. 
Hedrick,  Benjamin  Sherwood,  Washington,  D.  C.  (19).    Bom  in  1826. 

Died  Sept.  2,  1886. 
Heighway,  A.  £.,  Cincinnati,  Ohio  (29).    Born  Dec.  26»  1820.    Died  Jan. 

24,  1888. 
Hempstead,  G.  S.  B.,  Portsmouth,  Ohio  (29).    Born  In  1795.    Died  July 

9,  1883. 
Henry,  Joseph,  Washington,  D.  C.  (1).    Bom  in  Albany,  N.  Y.,  Dec.  17 

1797.    Died  May  13,  1878. 
Hickox,  S.  V.  R.,  Chicago,  111.  (17).    Died  In  1872. 
Hicks,  William  C,  New  York,  N.  Y.  (34).    Died  in  1885. 
Hilgard,  Theodore  Charles,  St.'^Louis,  Mo.  (17).    Born  in  ZweibrUcken, 

Germany,  Feb.  28,  1828.    Died  March  5,  1875. 
Hill,  Walter  N.,  Chester,  Pa.  (29).  Born  Apr.  15,  1846.  Died  March  29, 

1884. 
Hincks,  William,  Toronto,  C.  W.  (11).    Born  in  1801.    Died  July,  1871. 
Hitchcock,  Edward,  Amherst,  Mass.  (1).     Born  in  Deerfleld,  Mass.,  May 

24,  1793.    Died  Feb.  27,  1864. 
Hoadley,  John  Chipman,  Boston,  Mass.  (29).    Born  Dec.  10,  1818.    Died 

Oct.  21,  1886. 
Hodgson,  W.  B.,  Savannah,  Ga.  (10).     Bom  1815. 
Holbrook,  John  Edwards,  Charleston,  S.  C.  (1).   Born  in  Beaufort^  S.  C, 

Dec.  80,  1796.    Diedtn  Norfolk,  Mass.,  Sept.  8,  1871. 
Holman,  Mrs.  S.  W.,  Boston,  Mass.   (29).    Died  May  5,  1885. 
Homes,   Henry  A.,  Albany,  N.  Y.  (11).    Born  in  1812.    Died  Nov.  8, 

1887. 
Hopkins,  Albert,  WllUamstown,  Mass.  (19).     Bom  July  14,  1807.    Died 

May  25, 1872. 
Hopkins,  James  G.,  Ogdensburg,  N.  Y.  (10).    Died  In  1860. 
Hopkins,  T.  O.,  WiUiamsville,  N.  Y.  (10).    Died  In  1866. 
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Hopkins,  Wm.,  Lima,  N.  Y.  (6).    Died  in  March,  1867. 

Hoppock,  Albert  £.,  Hastings-on-Hudson,  N.  Y.  (29). 

Horton,  C.  V.  R.,  Chaumont,  N.  Y.  (10).    Died  in  1862. 

Horton,  William,  Craigville,  N.  Y.  (1). 

Hosford,  Benj.  F.,  Haverhill,  Mass.  (18).    Died  in  1864. 

Hough,  Franklin  Benjamin,  Lowvilie,  N.  Y.  (4).     Born  In  Martinsville, 

N.  Y.,  July  20,  1822.    Died  June  6, 1886. 
Houghton,  Douglas,  Detroit,  Mich.  (1).     Bom  in  Troy,  N.  Y.,  Sept.  21, 

1809.     Died  Oct.  13,  1845. 
Hovey,  Edmund  O.,  Crawfordsville,  Ind.  (20).    Born  July  16,  1801.    Died 

March  10,  1877. 
Howland,  Edward  Perry,  Washington,  D.  C.    (29).    Born  in  Ledyard, 

N.  Y.,  July  20,  1825.     Died  In  Harrlsburg,  Pa.,  Sept.  12,  1888. 
Howland,  Theodore,  Buffalo,  N.  Y.  (15). 

Hubbert,  James,  Richmond,  Province  of  Quebec  (16).    Died  in  1868. 
Hunt,  Edward  Blssell,  Washington,  D.  C.  (2).     Born  in  Livingston  Co., 

N.  Y.,  June  16,  1822.     Died  in  Brooklyn,  N.  Y.,  Oct.  2,  1863. 
Hunt,  Freeman,  New  York,  N.  Y.  (11).    Born  in  Quincy,  Mass.,  March 

21,   1804.    Died  in  Brooklyn,  N.  Y.,  March  2,  1858. 

Ives,  Moses  B.,  Providence,  R.  I.  (9).    Died  In  1867. 
Ives,  Thomas  P.,  Providence,  R.  I.  (10). 

Jackson,  Charles  Thomas,  Boston,  Mass.  (1).    Bom  in  Plymouth,  Mass., 

June  21,  1806.    Died  Aug.  28,  1880. 
James,  Thomas  Potts,  Cambridge,  Mass.  (22).    Bom  Sept.  1, 1803.    Died 

Feb.  22,  1882. 
Johnson,  Walter  Rogers,  Washington,  D.  C.  (1).     Born  in  Leominster, 

Mass.,  June  21,  1794.     Died  April  26,  1852. 
Johnson,  William  Schuyler,  Washington,  D.  G.  (31).     Bora  Sept.  20, 

1869.    Died  Oct.  6,  1883. 
Jones,  Catesby  A.  R.,  Washington,  D.  C.  (8). 
Jones,  Henry  A.,  Portland,  Me.  (29).    Died  Sept.  3, 1883. 
Jones,  James  H.,  Boston,  Mass.  (28). 

Eedzie,  W.  E.,  Oberlin,  Ohio  (26). 

Eeely,  George  W.,  Waterville,  Me.  (1).    Died  in  1878. 

Keep,  N.  C,  Boston,  Mass.  (13).    Died  in  March,  1876. 

Kennicott,  Robert,  West  Northfleld,  111.  (12).    Bom  Nov.  18,  1836.    Died 

in  1866. 
Kerr,  Washington  Caruthers,  Raleigh,  N.  C.   (10).    Born  May  24,  1827. 

Died  Aug.  9,  1885. 
Kidder,  Henry  Purkitt,  Boston,  Mass.    (29).    Born  Jan.  8,  1823.    Died 

Jan.  28,  1886. 
King,  Mitchell,  Charleston,  S.  C.  (3).    Born  in  Scotland,  June  8,  1788. 

Died  Nov.  12,  1862. 
Klrkpatrick,  James  A.,  Philadelphia,  Pa.  (7).    Died  June  8,  1886. 
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Kite,  Thomas,  Cincinnat!,  Ohio  (5).    Died  Feb.  6, 1884. 
Klippart,  John  H.,  Columbus,  Ohio  (17).    Died  October,  1878. 
Knickerbocker,  Charles,  Chicago,  111.  (17).    Died  in  1873. 
Knight,  J.  B.,  Philadelphia,  Pa.  (21).    Died  March  10,  1879. 

Lacklan,  R.,  Cincinnati,  Ohio  (11). 

Lapham,  Increase  Allen,  Milwaukee,  Wis.  (8).    Bom  in  Palmyra,  N.  Y. 

March  7,  1811.    Died  in  Oconomowoc,  Wis.,  Sept.  14,  1876. 
Larkin,  Ethan  Pendleton,  Alfred  Centre,  N.  Y.  (33).    Born  Sept.  20,  1829. 

Died  Aug.  23,  1887. 
LaRoche,  K6n6,  Philadelphia,  Pa.  (12).    Born  in  Philadelphia,  Pa.,  1795. 

Died  in  Philadelphia,  Dec,  1872. 
Lasel,  Edward,  Williamstown,  Mass.  (1).  Bom  Jan.  21,  1809.    Died  Jan. 

31,  1862. 
Lawford,  Frederick,  Montreal,  Canada  (11).    Died  in  1866. 
Lawrence,  Edward,  Charlestown,  Mass.    (18).    Bom  June,  1810.    Died 

Oct.  17,  1886. 
Lea,  Isaac,  Philadelphia,  Pa.     (1).    Born  In  Wilmington,  Del.,  March  4, 

1792.    Died  Dec.  8,  1886. 
Le  Conte,  John  Lawrence,  Philadelphia,  Pa.  (1).    Bom  in  New  York, 

May  13,  1826.    Died  Nov.  16,  1883. 
Lederer,  Baron  von,  Washington,  D.  C.  (1). 
Lewis,  Henry  Carvill,  Philadelphia,  Pa.  (26).     Born  in  Philadelphia,  Pa., 

Nov.  16,  1863.     Died  in  Manchester,  England,  July  21,  1888. 
Libbey,  Joseph,  Georgetown,  D.  C.  (31).    Died  July  20,  1886. 
Lleber,  Oscar  Montgomery,  Columbia,   S.  C.  (8).     Bom  Sept.  8,  1830. 

Died  June  27,  1862. 
LIncklaen,  Ledyard,  Cazenovia,  N.  Y.  (1).    Died  April  25,  1864. 
Linsley,  James  Harvey,  Stafford,  Conn.  (1).    Born  in  Northford,  Conn., 

May  6,  1787.    Died  in  Stratford,  Conn.,  Dec.  26,  1843. 
Lock  wood,  Moses  B.,  Providence,  R.  I.  (9).     Died  in  1872. 
Logan,  William  Edmond,  Montreal,  Canada  (1).    Born  in  Montreal,  Can- 
ada, April  23,  1798.    Died  In  Wales,  June  22,  1875. 
Lolseau,  Emlle  F.,  Bmssels,  Belgium  <83).    Died  April  30,  1886. 
Loosey,  Charles  F.,  New  York,  N.  Y.    (12). 
Lothrop,  Joshua  R.,  Buffalo,  N.  Y.  (16). 
Lowrie,  J.  R.,  Warrlorsmark,  Pa.  (29).    Died  Dec.  10,  1885. 
Lull,  Edward  Phelps,  Washington,  D.   C.    (28).    Born  Feb.  20,   1836. 

Died  March  5,  1887. 
Lyford,  Moses,  Springfield,  Mass.  (22).    Died  Aug.  4,  1887. 
Lyon,  Sidney  S.,  Jeffersonville,  Ind.  (20).    Born  Aug.  4,  1808.  Died  June 

24,  1872. 

MConihe,  Isaac,  Troy,  N.  Y.  (6). 

McCutchen,  A.  R.,  Atlanta,  Ga.  (25).    Died  Nov.  21,  1887. 
McFadden,  Thomas,  Westerville,  Ohio  (30).    Bom  Nov.  9,  1826.    Died 
Nov.  9,  1883. 
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MacGregor,  Donald,  Hoaston,  Texas  (33).    Died  in  Oct.,  1887. 

McLachlan,  J.  S.,  Montreal,  Can.  (31). 

McMabon,  Mathew,  Albany,  N.  Y.  (11). 

Maack,  6.  A.,  Cambridge,  Mass.  (18).    Died  in  Aug.,  1873. 

Macfarlane,  James,  Towanda,  Pa.  (29).    Died  in  1885. 

Mahan,  Dennis  Hart,  West  Point,  N.  Y.  (9).    Born  in  New  Yorlt,  N.  Y., 

April  2,  1802.    Died  in  New  York,  Sept.  16,  1871. 
Marler,  George  L.,  Montreal,  Can.  (31). 
Marsb,  Dexter,  Greenfield,  Mass.  (1).  Born  in  Montague,  Mass.,  Aug.  22, 

1806.    Died  in  Greenfield,  Mass.,  April  2,  1853. 
Marsh,  James  £.,  Roxbury,  Mass.  (10). 
Martin,  Benjamin  Nichols,  New  York,  N.  Y.  (23).    Bom  in  Mount  Holly, 

N.  J.,  Oct.  20,  1816.    Died  In  New  York,  N.  Y.,  Dec.  26,  1883. 
Mather,  William  Williams,  Columbus,  Ohio  (1).  Bom  in  Brooklyn,  Conn., 

May  24, 1804.    Died  in  Columbus,  Ohio,  Feb.  27,  1859. 
Maude,  John  B.,  St.  Louis,  Mo.  (27).     Died  in  April,  1879. 
Maupin,  S.,  Charlottesville,  Ya.  (10). 
Meade,  George  Gordon,  Philadelphia,  Pa.    (15).     Born  Dec.  80,  1815. 

Died  Nov.  6, 1872. 
Meek,  Fielding  Bradford,  Washington,  D.  C.  (6).    Bom  Dec.  10,  1817. 

Died  Dec.  21,  1876. 
Meigs,  James  Altken,  Philadelphia,  Pa.  (12).    Born  July  SO,  1829.    Died 

Nov.  9,  1879. 
Minifie,  William,  Baltimore,  Md.  (12).    Bom  Aug.  14, 1805.  Died  Oct.  24, 

1880. 
Mitcbel,  Oraisby  MacKnight,  Cincinnati,  Ohio  (3).    Born  in  Union  Co., 

Ey.,  July  28,  1810.    Died  in  Beaufort,  S.  C,  Oct.  30,  1862. 
Mitchell,  William,  Poughkeepsie,  N.  Y.  (2).    Bom  in  Nantucket,  Mass., 

Dec.  20,  1791.    Died  in  Poughkeepsie,  N.  Y.,  April  19,  1868. 
Mitchell,  Wm.  H.,  Florence,  Ala.  (17). 
Monroe,  Nathan,  Bradford,  Mass.    (6).     Born  In  Minot,  Me.,  May  16, 

1804.    Died  in  Bradford,  Mass.,  July  8,  1866. 
Monroe,  William,  Concord,  Mass.  (18).    Died  April  27,  1877. 
Morgan,  Lewis  Henry,  Rochester,  N.  Y.  (10).  Bora  near  Aurora,  N.  Y., 

Nov.  21,  1818.    Died  Dec.  17,  1881. 
Morgan,  Mrs.  Mary  E.,  Rochester,  N.  Y.  (81).    Died  in  1884. 
Morris,  John  B.,  Nashville,  Tenn.  (26). 
Morton,  Samuel  George,  Philadelphia,  Pa.  (1).     Born  in  Philadelphia, 

Pa.,  Jan.  26,  1799.    Died  in  Philadelphia,  May  15,  1851. 
Mudge,  Benjamin  Franklin,  Manhattan,  Kansas  (25).      Born  in  Orring- 

ton,  Me.,  Aug.  11, 1817.    Died  Nov.  21,  1879. 
Muir,  William,  Montreal,  Can.  (81).    Died  July,  1885. 
Mussey,  William  Heberdom,  Cincinnati,  Ohio  (30).    Born  Sept.  30,  1818. 

Died  Aug.  1,  1882. 

Newland,  John,  Saratoga  Springs,  N.  Y.  (28).    Died  Jan.  18,  1880. 
Newton,  E.  H.,  Cambridge,  N.  Y.  (1). 
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Nichols,  Charles  A.,  Providence,  R.  I.  (17).    Born  Jan.  4,  1826.    Died 

Oct.  20,  1877. 
Nichols,  William  Ripley,  Boston,  Mass.  (18).    Born  April  30,  1847.    Died 

July  14,  1886. 
Nicholson,  Thomas,  New  Orleans,  La.  (21). 
Nicollet,  Jean  Nicholas,  Washington,  D.  C.  (1).     Born  in  Savoy,  France, 

July  24,  1786.    Died  in  Washington,  D.  C,  Sept.  11,  1848. 
Norton,  John  Pitkin,  New  Haven,  Conn.  (1).    Born  July  19,  1822.    Died 

Sept.  5,  1852. 
Norton,  William  Aagnstns,  New  Haven,  Conn.  (6).  Bom  in  East  Bloom- 
field,  N.  Y.,  Oct.  25,  1810.     Died  Sept.  21,  1883. 
Noyes,  James  Oscar,  New  Orleans,  La.  (21).     Born  In  Niles,  N.  T.,  June 

14,  1829.     Died  in  New  Orleans,  La.,  Sept.  11,  1872. 
Nutt,  Cyrus,  Bloomington,  Ind.  (20).    Born  in  Trumbull  Co.,  Ohio,  Sept. 

4,  1814.    Died  in  Bloomington,  Aug.  23,  1875. 

Oakes,  Wm.,  Ipswich,  Mass.  (1).    Bom  July  1,  1799.    Died  July  31,  1848. 
Ogden,  Robert  W.,  New  Orleans,  La.  (21).    Died  March  24, 1878. 
Ogden,  William  Butler,  High  Bridge,  N.  Y.  (17).    Born  in  New  York, 

N.  Y.,  1805.     Died  in  New  York,  Aug.  8,  1877. 
Oliver,  Miss  Mary  E.,  Ithaca,  N.  Y.   (20). 
Olmsted,  Alexander  Fisher,  New  Haven,  Conn.  (4).    Bom  Dec.  20,  1822. 

Died  May  5,  1853. 
Olmsted,  Denison,  New  Haven,  Conn.  (1).  Born  in  East  Hartford,  Conn., 

June  18,  1791.    Died  in  New  Haven,  Conn.,  May  13,  1859. 
Olmsted,  Denison,  Jr.,  New  Haven,  Conn.  (1).    Bom  Feb.  16, 1824.    Died 

Aug.  15,  1846. 
Orton,  James,  Poughkeepsle,  N.  Y.  (18).    Bom  in  Seneca  Falls,  N.  Y., 

April  21,  1830.    Died  in  Peru,  S.  A.,  Sept.  24,  1877. 
Osbun,  Isaac  J.,  Salem,  Mass.  (29). 
Otis,  George  Alexander,  Washington,  D.  C.  (10).  Born  In  Boston,  Mass., 

Nov.  12,  1880.    Died  Feb.  23,  1881. 

Packer,  Harry  E.,  Mauch  Chunk,  Pa.  (30).    Died  Feb.  1,  1884. 

Painter,  Jacob,  Lima,  Pa.  (23).    Died  In  1876. 

Painter,  Mlnshall,  Lima,  Pa.  (7). 

Parker,  Wilbur  F.,  West  Meriden,  Conn.  (23).    Died  in  1876. 

Parkman,  Samuel,  Boston,  Mass.  (1).  Born  in  1816.    Died  Dec.  15,  1854. 

Parsons,  Henry  Betts,  New  York,  N.  Y.  (30).    Born  Nov.  20,  1865.    Died 

Aug.  21,  1885. 
Payn,  Charles  H.,  Saratoga  Springs,  N.  Y.  (28).    Bom  May  16,  1814. 

Died  Dec.  20,  1881. 
Pelrce,  Benjamin  Osgood,  Beverly,  Mass.  (18).    Bom  In  Beverly,  Sept. 

26,  1812.     Died  In  Beverly,  Nov.  12,  1883: 
Pelrce,  Benjamin,  Cambridge,  Mass.  (1).    Born  In  Salem,  Mass.,  April  4, 

1809.     Died  in  Cambridge,  Mass.,  Oct.  6,  1880. 
Perch,  Bernard,  Frankford,  Pa.  (35).    Born  in  1850.    Died  in  1887. 
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Perkins,  George  Roberts,  XJtlca,  N.  Y.  (1).  Born  In  Otsego  Co.,  N.  Y., 
May  3,  1812.    Died  in  New  Hartford,  N.  Y.,  Aug.  22,  1876. 

Perkins,  Henry  C,  Newbaryport,  Mass.  (18).  Born  Nov.  13,  180i.  Died 
Feb.  2,  1873. 

Perry,  John  B.,  Cambridge,  Mass.  (16).    Born  In  1820.  Died  Oct.  3,  1872. 

Perry,  Matthew  Calbralth,  New  York,  N.  Y.  (10).  Born  in  South  Kings- 
ton, R.  I.,  1795.    Died  in  New  York,  March  4, 1858. 

Phelps,  Mrs.  Almira  Hart  Lincoln,  Baltimore,  Md.  (13).  Born  in  Ber- 
lin, Conn.,  July  15,  1793.    Died  in  Berlin,  July  15,  1884. 

Phillips,  John  C,  Boston,  Mass.  (29).  Born  in  1839.  Died  March  1, 
1885. 

Piggot,  A.  Snowden,  Baltimore,  Md.  (10). 

Pirn,  Bedford  Clapperton  Trevelyan,  London,  Eng.  (33).  Born  In  England, 
June  12,  1826.    Died  Oct.,  1886. 

Piatt,  W.  G.,  Philadelphia,  Pa.  (82).    Died  Nov.,  1886. 

Plumb,  Ovid,  Salisbury,  Conn.  (9). 

Pope,  Charles  Alexander,  St.  Louis,. Mo.  (12).  Born  in  Huntsville,  Ala., 
March,  15,  1818.    Died  in  Paris,  Mo.,  July  6,  1870. 

Porter,  John  Addison,  New  Haven,  Conn.  (14).  Bom  in  Catskill,  N.  Y., 
March  15,  1822.      Died  in  New  Haven,  Conn.,  Aug.  25,  1866. 

Potter,  Stephen  H.,  Hamilton,  Ohio  (80).  Born  Nov.  10,  1812.  Died 
Dec.  9,  1883. 

Pourtal&s,  Louis  Francois  de,  Cambridge,  Mass.  (1).  Bom  March  4, 
1824.    Died  July  19,  1880. 

Prnyn,  John  Van  Schaick  Lansing,  Albany,  N.  Y.  (1).  Born  in  Albany, 
N.  Y.    June  22,  1811.    Died  in  Clifton  Springs,  N.  Y.,  Nov.  21,  1877. 

Pugh,  Evan,  Centre  Co.,  Pa.  (14).  Born  Feb.  29,  1828.  Died  April  29i 
1864. 

Pulsifer,  Sidney,  Philadelphia,  Pa.  (21).    Died  March  24, 1884. 

Putnam,  Mrs.  Frederick  Ward,  Cambridge,  Mass.  (19).  Born  in  Charles- 
town,  Mass.,  Dec.  29,  1838.  Died  in  Cambridge,  Mass.,  March  10, 
1879. 

Putnam,  J.  Duncan,  Davenport,  Iowa  (27).  Bom  Oct.  18,  1855.  Died 
Dec.  10,  1881. 

Read,  Ezra,  Terre  Haute,  Ind.  (20).    Died  in  1877. 

Redfield,  William  C,  New  York,  N.  Y.  (1).       Bora  near  Middletown, 

Conn.,  March  26,  1789.    Died  Feb.  12,  1857. 
Resor,  Jacob,  Cincinnati,  Ohio  (8).    Died  in  1871. 
Rpbb,  James,  Fredericton,  N.  B.  (4). 
Robinson,  Coleman  T.,  Buffalo,  N.  Y.  (15). 
Rochester,  Thomas  Fortescue,  Buffalo,  N.  Y.  (35).     Born  Oct.  8,  1823. 

Died  May  24,  1887. 
Rockwell,  John  Arnold,  Norwich,  Conn.  (10).    Born  in  Norwich,  Conn., 

August  27,  1803.    Died  in  Washington,  D.  C,  February  10,  1861. 
Boeder,  F.  A.,  Cincinnati,  Ohio  (30). 
Rogers,  Henry  Darwin,  Glasgow,  Scotland  (f).  Born  In  Philadelphia,  Pa., 

Aug.  1, 1808.    Died  in  Glasgow,  Scotland,  May  29, 1866. 


C  DECBA8ED  lf£llBBRS. 

Rogers,  James  Blyth6,  Philadelphia,  Pa.  (1).    Born  in  Philadelphia,  Pa., 

Feb.  11,  1802.    Died  in  Philadelphia,  June  15,  1862. 
Rogers,  Robert  Empin,  Philadelphia,  Pa.  (18).    Born  in  Baltimore,  Md., 

March  29,  1813.    Died  Sept.  6,  1884. 
Rogers,  William  Barton,  Boston,  Mass.  (1).     Bom  in  Philadelphia,  Pa  , 

Dec.  7,  1804.     Died  in  Philadelphia,  May  SO,  1882. 
Root,  Elihu,  Amherst,  Mass.  (25).    Born  Sept.  14,  1845. 

Sager,  Abram,  Ann  Arbor,  Mich.  (6).     Bom  in  Bethlehem,  N.  T.,  Dec. 

22,  1811.     Died  August  6,  1877. 
Sanders,  Benjamin  D.,  Wellsburg,  W.  Va.  (19). 
Schaeffer,  Geo.  C,  Washington,  D.  C.  (1).    Died  in  1878. 
Schley,  William,  New  York,  N.  Y.  (28).    Died  in  1882. 
Scott,  Joseph,  Dunham,  C.  E.  (11).    Died  in  1865. 
Seaman,  Ezra  Champion,  Ann  Arbor,  Mich.  (20).    Born  Oct.  14,  1805. 

Died  July  16,  1880. 
Senter,  Harvey  S.,  Aledo,  111.  (20).    Died  in  1875. 
Seward,  William  Henry,  Auburn,  N.  Y.  (1).    Bom  in  Florida,  N.  Y.,  May 

16,  1801.    Died  in  Auburn,  N.  Y.,  Oct.  10,  1872. 
Sheppard,  William,  Drummondville,  Province  of  Quebec,  Can.    (11). 

Born  in  1788.     Died  in  1867. 
Sherwin,  Thomas,  Dedham,  Mass.  (11).    Born  In  Westmoreland,  N.  H., 

March  26,   1799.     Died  In  Dedham,  Mass.,  July  23,  1869. 
Sill,  Elisha  N.,  Cuyahoga  FaUs,  Ohio  (6).    Born  in  1801.    Died  April  26, 

1888. 
Sllllman,  Benjamin,  New  Haven,  Conn.  (1).    Bom  in  North   Stratford, 

Conn.,  August  8, 1779.    Died  In  New  Haven,  Conn.,  Nov.  22, 1864. 
Sllllman,  Benjamin,  New  Haven,  Conn.  (1).    Born  in  New  Haven,  Conn., 

Dec.  4,  1816.     Died  Jan.  14,  1885. 
Skinner,  John  B.,  Buffalo,  N.  Y.  (15).    Died  in  1871. 
Slack,  J.  H.,  Philadelphia,  Pa.  (12). 
Smith,  Charles  A.,  St.  Louis,  Mo.  (27).    Died  in  1884. 
Smith,  David  P.,  Springfield,  Mass.  (29).    Born  Oct.  1,  1830.    Died  Dec. 

26,  1880. 
Smith,  Mrs.  Erminnle  Adelle,  Jersey  City,  N.  J.  (25).    Bom  April  26, 

1836.     Died  June  9,  1886. 
Smith,  John  Lawrence,  Louisville,  Ky.  (1).    Born  near  Charleston,  S.  C, 

Dec.  17,  1818.    Died  Oct.  12, 1883. 
Smith,  J.  v.,  Cincinnati,  Ohio  (5). 
Smith,  James  Young,  Providence,  R.  L  (9).    Born  in  Groton,  Conn.,  Sept. 

15, 1809.    Died  March  26,  1876. 
Smith,  Lyndon  Arnold,  Newark,  N.  J.  (9).    Born  in  Haverhill,  N.  H., 

November  11,  1795.      Died  in  Newark,  N.  J.,  December  15,  1865. 
Snell,  Ebenezor  Strong,  Amherst,  Mass.  (2).     Born  in  North  Brookticld, 

Mass.,  October  7,  1801.    Died  in  Amherst,  Mass.,  Sept.,  1877. 
Sparks,  Jared,  Cambridge,  Mass.  (2).     Born  In  Willi ngton,  Conn.,  May 

10,  1819.    Died  In  Cambridge,  Mass.,  March  14,  1866. 
Spinzig,  Charles,  St.  Louis,  Mo.  (27).    Died  Jan.  22,  1882. 
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Sqnler,  Ephrafm  George,  Kew  Tork,  N.  Y.   (18).    Born  In  Bethlehem, 

N.  y.,  June  17,  1821.     Died  In  Brooklyn,  N.  Y.,  April  17,  1888. 
Steams,  Josiah  A.,  Boston,  Mass.  (29). 
Stearns,  Silas,  Pensacola,  Fla.  (28).    Died  Ang.  2,  1888. 
Steele,  Joel  Dorman,  Elmira,  N.  Y.  (33).    Born  in  Lima,  N.  Y.,  May  14, 

1836.    Died  May  25,  1886. 
Stevenson,  James,  Washington,  D.  0.  (29).    Bom  Dec.  24,  1840.    Died 

Jnly  23,  1888. 
Stimpson,  William,  Chicago,  III.  (12).    Bora  Feb.  14,  1832.  Died  May  26, 

1872. 
Stone,  Leander,  Chicago,  111.  (82).    Died  April  2,  1888. 
Stone,  Samoel,  Chicago,  111.  (17).    Born  Dec.  6, 1798.    Died  May  4,  1876. 
St.  John,  Joseph  S.,  Albany,  N.  Y.  (28).    Died  Nov.  23,  1882. 
Straight,  H.  H.,  Chicago,  111.  (25).    Died  Nov.  17,  1886. 
Sullivan,  Algernon  Sidney,  New  York,  N.  Y.  (36).    Born  April  5,  1826. 

Died  Dec.  4,  1887. 
Sullivant,  William  Starling,  Colambus,  Ohio  (7).    Born  near  Columbus, 

O.,  Jan  15,  1803.    Died  In  Columbus,  O.,  April  30,  1873. 
Sutton,  George,  Aurora,  Ind.  (20.)    Died  June  13,  1886. 
Swain,  James,  Fort  Dodge,  Iowa  (21).    Born  in  1816.    Died  In  1877. 


Tallmadge,  James,  New  York,  N.  Y.  (1).    Born  in  Stamford,  N.  Y.,  Jan. 

20, 1778.    Died  in  New  York,  N.  Y..  Oct.  3,  1853. 
Taylor,  Arthur  F.,  Cleveland,  Ohio  (29).    Born  Dec.  10,  1853.    Died 

June  28,  1883. 
Taylor,  Richard  Cowling,  Philadelphia,  Pa.  (1).     Born  In  England,  Jan. 

18,  1789.    Died  In  Philadelphia,  Pa.,  November  26,  1861. 
Taylor,  Robert  N.,  Tollesboro,  Ky.  (37).     Died  Aug.  13,  1888. 
Tenney,  Sanborn,  Willlarastown,  Mass.  (17).  Born  In  January,  1827.  Died 

July  11,  1877. 
Teschemacher,  James  Englehert,  Boston,  Mass.  (1).     Born  in  Notting- 
ham, England,  June  11,  1790.     Died  near  Boston,  Nov.  9,  1853. 
Thompson,  A.  Remsen,  New  York,  N.  Y.  (1).    Died  in  Oct.,  1879. 
Thompson,  Alexander,  Aurora,  N.  Y.  (1). 
Thompson,  Charles  Oliver,  Terre  Haute,  Ind.  (29).  Born  In  East  Windsor 

Hill,  Conn.,  Sept.  25,  1835.  Died  In  Terre  Haute,  Ind.,  March  17, 1885. 
Thompson,  Zndock,  Burlington,  Vt.  (1).    Born  In  Bridge  water,  Vt.,  May 

23,  1796.     Died  in  Burlington,  Vt ,  Jan  19,  1856. 
Thomson,  Henry  R.,  Crawfordsville,  Ind.  (30).    Died  In  1884. 
Thurber,  Isaac,  Providence,  R.  I.  (9). 
Tillman,  Samuel  Dyer,  Jersey  City,  N.  J.  (15).    Born  April,  1815.    Died 

Sept.  4,  1875. 
Tobln,  Thomas  W.,  Louisville,  Ey.  (30^.    Died  Aug.  4, 1888. 
Todd,  Albert,  St.  Louis,  Mo.  (27).      Born  March  4,  1813.    Died  April 

30,  1885. 
Tolderoy,  James  B.,  Frederlctou,  N.  B.  (11). 
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Torrey,  John,  New  York,  N.  Y.  (1).    Born  In  New  York,  N.  Y.,  Aug,  16, 

1796.    Died  in  New  York,  March  10,  1873. 
Torrey,  Joseph,  Burlington,  Vt.  (2).  Bom  in  Rowley,  Mass.,  Feb.  2, 1797. 

Died  in  Burlington,  Vt.,  Nov.  26,  1867. 
Totten,  Joseph  Gilbert,  Washington,  D.  0.   (1).    Born  in  New  Haven, 

Conn.,  August  23,  1788.    Died  in  Washington,  D.  C,  April  22,  1864. 
Townsend,  Howard,  Albany,  N.  Y.  (10).    Born  Nov.  22, 1828.    Died  Jan. 

6,  1867. 
Townsend,  John  Kirk,  Philadelphia,  Pa.  (1).    Born  Aug.  10,  1809.    Died 

Feb.  16,  1851. 
Townsend,  Robert,  Albany,  N.  Y.  (9).    Bom  1799.    Died  Aug.  15,  1866. 
Troost,  Oerard,  Nashville,  Tenn.   (a).    Born  in  Bois-le-Duc,  Holland, 

March  15,  1776.    Died  in  Nashville,  Tenn.,  Aug.  14,  1850. 
Tnomey,  Michael,  Tuscaloosa,  Ala.  (1).    Born  in  Ireland,  September  29, 

1805.    Died  in  Tuscaloosa,  Ala.,  March  20,  1857. 
Tyler,  Edward  R.,  New  Haven,  Conn.  (1).    Bom  Aug.  8,  1800.     Died 

Sept.  28,  1848. 

Vancleve,  John  W.,  Dayton,  Ohio  (1). 

Vanuxem,  Lardner,  Bristol,  Pa.  (1).    Bom  in.  Philadelphia,  Pa.,  July  23, 

1792.     Died  in  Bristol,  Pa.,  June  25,  1848. 
Vaux,  William  Sanson,  Philadelphia,  Pa.  (1).    Bom  in  Philadelphia,  May 

19,  1811.    Died  in  Philadelphia,  May  5, 1882. 

Wadsworth,  James  Samuel,  Genesee,  N.  Y.  (2).    Born  in  Geneseo,  N.  Y., 

October  80,  1807.    Died  near  Chancellorvllle,  Va.,  May  8,  1864. 
Wagner,  Tobias,  Philadelphia,  Pa.  (9). 
Walker,  J.  R.,  Bay  Saint  Louis,  Miss.  (19).  Bom  Aug,  7,  1830.  Died  June 

22,  1887. 
Walker,  Joseph,  Oxford,  N.  Y.  (10). 
Walker,  Sears  C,  Washington,  D.  C.  (I).     Bom  March  28,  1805.     Died 

January  80,  1853. 
Walker,  Timothy,  Cincinnati,  Ohio  (4).       Born  in  Wilmington,  Mass., 

Dec.  I,  1802.    Died  in  Cincinnati,  Ohio,  Jan.  15, 1856. 
Walling,  H.  F.,  Cambridge,  Mass.  (16).    Died  April  8,  1888. 
Walsh,  Benjamin  D.,  Rock  Island,  111.  (17). 
Wanzer,  Ira,  Brookfleld,  Conn.  (18).    Bora  April  17,  1796.    Died  March 

5,  1879. 
Wamecke,  Carl,  Montreal,  Can.  (81).    Died  May  14,  1886. 
Warren,  Geo.  Washington,  Boston,  Mass.  (18).    Died  in  1884. 
Warren,  Gouverneur  Eemble,  Newport,  R.  I.  (12).    Born  in  Cold  Spring 

N.  Y.,  Jan.  8,  1830.    Died  In  Newport,  R.  I.,  Aug.  8,  1882. 
Warren,  John  Collins,  Boston,  Mass.  (1).    Born  in  Boston,  Mass.,  Aug. 

1, 1778.    Died  in  Boston,  May  4,  1856. 
Warren,  Samuel  D.,  Boston,  Mass.  (29).  Born  in  1817.  Died  May  11, 1888. 
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BY 

S.  p.  LAI^GLEY, 

THE  RETIRING  PRESIDENT  OF  THE  ASSOCIATION. 


THE  HISTORY  OF  A  DOCTRINE. 


'*Maii,  being  the  servant  and  interpreter  of  nature,  can  do  and  ander- 
stand  so  much,  and  so  much  only,  as  he  has  observed,  In  fact  or  in  thought, 
of  the  course  of  nature.  Beyond  this  he  neither  knows  anything  nor  can 
do  anything." — Bacon's  Novum  Organum,  aphorism  i. 

In  these  days,  when  a  man  can  take  bat  a  very  little  portion  of 
knowledge  to  be  his  province,  it  has  become  customary  that  your 
president's  address  shall  deal  with  some  limited  topic,  with  which 
his  own  labors  have  made  him  familiar ;  and  accordingly  I  have  se- 
lected as  my  theme,  the  history  of  our  present  views  about  radiant 
energy,  not  only  because  of  the  intrinsic  importance  of  the  subject, 
but  because  the  study  oCthis  energy  in  the  form  of  radiant  heat  is 
one  to  which  I  have  given  special  attention. 

Just  as  the  observing  youth,  who  leaves  his  own  household  to 
look  abroad  for  himself,  comes  back  with  the  report  that  the  world, 
after  all,  is  very  like  his  own  family,  so  may  the  specialist,  when 
he  looks  out  from  his  own  department,  be  surprised  to  find  that, 
after  all,  the  history  of  the  narrowest  specialty  is  strangely  like  that 
of  scientific  doctrine  in  general,  and  contains  the  same  lessons  for 
us.  To  find  some  of  the  most  useful  ones,  it  is  important,  how- 
ever, to  look  with  our  own  eyes  at  the  very  words  of  the  masters 
themselves,  and  to  take  down  the  dusty  copy  of  Newton,  or  Boyle, 
or  Leslie,  instead  of  a  modern  abstract ;  for,  strange  as  it  may  seem, 
there  is  something  of  great  moment  in  the  original  that  has  never 
yet  been  incorporated  into  any  encyclopaedia,  something  really  es- 
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sential  in  the  words  of  the  man  himself  which  has  not  been  in- 
dexed in  any  text-book,  and  never  Will  be. 
It  is  not  for  us,  then,  here  to-day,  to  try 

*'How  index-learning  turns  no  stadent  pale, 
Yet  holds  the  eel  of  science  by  the  tall ;  ** 

but,  on  tlie  contrary,  to  remark  that  ftom  this  index-learning,  from 
these  histories  of  science  and  summaries  of  its  progress,  we  are 
apt  to  get  wrong  ideas  of  the  very  conditions  on  which  this  prog- 
ress depends.  We  often  hear  it,  for  instance,  likened  to  the  march 
of  an  army  toward  some  definite  end ;  but  this,  it  has  seemed  to 
me,  is  not  the  way  science  usually  does  move,  but  only  the  way  it 
seems  to  move  in  the  retrospective  view  of  the  compiler,  who  prob- 
ably knows  almost  nothing  of  the  real  confusion,  diversity,  and 
retrograde  motion  of  the  individuals  comprising  the  body,  and  only 
shows  us  such  parts  of  it  as  he,  looking  backward  from  his  present 
standpoint,  now  sees  to  have  been  in  the  right  direction. 

I  believe  this  comparison  of  the  progress  of  science  to  that  of 
an  army,  which  obeys  an  impulse  from  one  head,  has  more  error 
than  truth  in  it ;  and,  though  all  similes  are  more  or  less  mislead- 
ing, I  would  prefer  to  ask  you  to  think  rather  of  a  moving  crowd, 
where  the  direction  of  the  whole  comes  somehow  from  the  inde- 
pendent impulses  of  its  individual  members ;  not  wholly  unlike  a 
,pack  of  hounds,  which,  in  the  long-run,  perhaps  catches  its  game, 
but  where,  nevertheless,  when  at  fault,  each  individual  goes  his  own 
way,  by  scent,  not  by  sight,  some  running  back  and  some  forward  ; 
where  the  louder-voiced  bring  many  to  follow  them,  nearl}'  as  of- 
ten in  a  wrong  path  as  in  a  right  one ;  where  the  entire  pack  even 
has  been  known  to  move  off  bodily  on  a  false  scent ; — for  this,  if  a 
less  dignified  illustration,  would  be  one  which  had  the  merit  of  hav- 
ing a  truth  in  it,  left  out  of  sight  by  the  writers  of  text-books. 

At  any  rate,  the  actual  movement  has  been  tortuous,  or  often 
even  retrograde,  to  a  degree  of  which  you  will  get  no  idea  from 
the  account  in  the  text-book  or  encyclopsedia,  where,  in  the  main, 
only  the  resultant  of  all  these  vacillating  motions  is  given.  With 
rare  exceptions,  the  backward  steps — ^that  is,  the  errors  and  mis- 
takes, which  count  in  reality  for  neai'ly  half,  and  sometimes  for 
more  than  half,  the  whole — are  left  out  of  scientific  history ;  and 
the  reader,  while  he  knows  that  mistakes  have  been  made,  has  no 
Just  idea  how  intimately  error  and  truth  are  mingled  in  a  sort  of 
chemical  union,  even  in  the  work  of  the  great  discoverers,  and  how 
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it  is  the  test  of  time  chiefly, —  which  enables  us  to  say  which  is 
progress,  when  the  man  himself  cOuld  not.  If  this  be  a  truism,  it  is 
one  which  is  often  forgotten,  and  which  we  shall  do  well  to  here 
keep  before  us. 

This  is  not  the  occasion  to  review  the  vague  speculations  of  thb 
ancient  natural  philosophers  from  Aristotle  to  Zeno,  or  to  give 
the  opinion  of  the  schoolmen  on  our  subject.  We  take  it  up  with 
the  immediate  predecessors  of  Newton,  among  whom  we  may  have 
been  prepared  to  expect  some  obscure  recognition  of  heat  as  a  mode 
of  motion,  but  where  it  has  been,  to  me  at  least,  surprising,  on 
consulting  their  original  works,  to  find  how  general  and  how  clear 
an  anticipation  of  our  modern  doctrine  may  be  fairly  said  to  exist. 
Whether  this  early  recognition  be  a  legacy  from  the  Lucretian  phi- 
losophy, it  is  not  necessai'y  to  here  consider.  The  interesting  fact, 
however  it  came  about,  is  the  extent  to  which  seventeenth-century 
thought  is  found  to  be  occupied  with  views  which  we  are  apt  to 
think  very  recent. 

Descartes,  in  1664,  commences  his  '^  Le  Monde  "  by  a  treatise  on 
the  propagation  of  light,  and  what  we  should  now  call  radiant 
heat  by  vibrations,  and  further  associates  this  view  of  heat  as 
motion  with  the  distinct  additional  conception,  that  in  the  cause  of 
light  and  radiant  heat  we  may  expect  to  find  something  quite  dif- 
ferent from  the  sense  of  vision  or  of  warmth ;  and  he  expresses 
himself  with  the  aid  of  the  same  simile  of  sound  employed  by  Dra- 
per over  two  hundred  years  later.  The  writings  of  Boyle  on  the 
mechanical  production  of  heat  contain  illustrations  (like  that  of 
the  hammer  driving  the  nail,  which  grows  hot  in  proportion  as  its 
bodily  motion  is  arrested)  which  show  a  singularly  complete  ap- 
prehension of  views  we  are  apt  to  think  we  have  made  our  own  ; 
and  it  seems  to  me  that  any  one  who  consults  the  originals  will 
admit,  that,  though  its  full  consequences  have  not  been  wrought 
out  till  our  own  time,  yet  the  fundamental  idea  of  heat  as  a  mode 
of  motion  is  so  far  from  being  a  modern  one,  that  it  was  announced 
in  varying  forms  by  Newton's  immediate  predecessors,  by  Descartes, 
by  Bacon,  by  Hobbes,  and  in  particular  by  Boyle,  while  Hooke 
and  Huyghens  merely  continue  their  work,  as  at  first  does  New- 
ton himself. 

If,  however,  Newton  found  the  doctrine  of  vibrations  already, 
so  to  speak,  ^'  in  the  air,"  we  must,  while  recognizing  that  in  the 
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history  of  thought  the  new  always  has  its  root  in  the  old,  and  that 
it  is  not  given  even  to  a  Newton  to  create  an  absolutely  new  light, 
still  admit  that  the  full  dawn  of  our  subject  properly  begins  with 
him,  and  admit,  too,  that  it  is  a  bright  one,  when  we  read  in  the 
^^  Optics  "  such  passages  as  these : — 

^^  Do  not  all  fixed  bodies,  when  heated  beyond  a  certain  degree, 
emit  light  and  shine,  and  is  not  this  emission  performed  by  the 
vibrating  motions  of  their  parts  ?"  And  again :  Do  not  several 
sorts  of  rays  make  vibrations  of  several  bignesses?  "  And  still  a- 
gain  :  '*•  Is  not  the  heat  conveyed  by  the  vibrations  of  a  much  sub- 
tler medium  than  air?" 

Here  is  the  undulatory  theory ;  here  is  the  connection  of  the 
ethereal  vibrations  with  those  of  the  material  solid ;  here  is  ''  heat 
as  a  mode  of  motion ;  "  here  is  the  identity  of  radiant  heat  and 
light ;  here  is  the  idea  of  wave-lengths.  What  a  step  forward  this 
first  one  is !     And  the  second  ? 

The  second  is,  as  we  know,  backward.  The  second  is  the  re- 
jection of  this,  and  the  adoption  of  the  corpuscular  hypothesis, 
with  which  alone  the  name  of  Newton  (a  father  of  the  undulatory 
theory)  is,  in  the  minds  of  most,  associated  to-day. 

Do  not  let  us  forget,  however,  that  it  was  on  the  balancing  of 
arguments  from  the  facts  then  known,  that  he  decided,  and  that  per- 
haps it  was  rather  an  evidence  of  his  superiority  to  Huyghens,  that 
apprehending  equally  clearly  with  the  latter,  the  undulatory  theory, 
he  recognized  also  more  clearly  that  this  theory,  as  then  understood, 
utterly  failed  to  account  for  several  of  the  most  important  phenom- 
ena. With  an  equally  judicial  mind,  Huyghens  would  perhaps  have 
decided  so  too,  in  the  face  of  difficulties,  all  of  which  have  not  been 
cleared  up  even  to-day.  These  two  great  men,  then,  each  looked 
around  in  the  then  darkness  as  far  as  his  light  carried  him.  All 
beyond  that  was  chance  to  each ;  and  fate  willed  that  Newton, 
whose  light  shone  farther  than  his  rival's,  found  it  extend  just  far 
enough  to  show  the  entrance  to  the  wrong  way.  He  reaches  the 
conclusion  that  we  all  know ;  one  not  only  wrong  in  regard  to  light, 
but  which  bears  pernicious  results  on  the  whole  theory  of  heat, 
since  light  being  conceded  to  be  material,  radiant  heat,  if  affiliated 
to  light,  must  be  regarded  as  material  too,  and  Newton's  influence 
is  so  permanent,  that  we  shall  see  this  strange  conclusion  drawn 
by  the  contemporaries  of  Herschel  from  his  experiments  made  a 
hundred  years  later. 
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It  woald  seem  then  that  the  result  of  this  unhappy  corpuscular 
theory  was  more  far-reaching  than  we  commonly  suppose,  and  that 
it  is  hardly  too  much  to  say  that  the  whole  promising  movement  of 
that  age  toward  the  true  doctrine  of  radiant  energy  is  not  only  ar- 
rested by  it,  but  turned  the  other  way ;  so  that  in  this  respect  the 
philosophy  of  fifty  years  later  is  actually  farther  from  the  truth 
than  that  of  Newton's  predecessors,  and  the  immense  repute  of 
Newton  as  a  leader,  on  the  whole  so  rightly  earned,  here  leads 
astray  others  than  his  conscious  disciples,  and,  it  seems  to  me,  af- 
fects men's  opinions  on  topics  which  appear  at  first  far  removed 
from  those  he  discussed.  The  adoption  of  phlogiston  was,  as  we 
may  reasonably  infer,  facilitated  by  it,  and  remotely  Newton  is  per- 
haps also  responsible  in  part  for  the  doctrine  of  caloric  a  hundred 
years  later.  After  him,  at  any  rate,  there  is  a  great  backward  move- 
ment. We  have  a  distinct  retrogression  from  the  ideas  of  Bacon 
and  Hobbes  and  Boyle.  Night  settles  in  again  on  our  subject  almost 
as  thick  as  in  the  days  of  the  schoolmen,  and  there  seems  to  be 
hardly  an  impoitant  contribution  to  our  knowledge,  in  the  first  part 
of  the  eighteenth  century,  due  to  a  physicist. 

"Physics,  beware  of  metaphysics,"  said  Newton, — words  which 
physicists  are  apt  so  exclusively  to  quote,  that  it  seems  only  due 
to  candor  to  observe  that  the  most  important  step,  perhaps,  in  the 
fifty  years  which  followed  the  "  Optics,"  came  from  Berkeley,  who, 
reasoning  as  a  metaphysician,  gave  us  during  Newton's  lifetime 
a  conception  wonderfully  in  advance  of  his  age.  Yet  the  "  New 
Theory  of  Vision  "  was  generally  viewed  by  contemporary  philoso- 
phers as  only  an  amusing  paradox,  while  "coxcombs  vanquish[ed] 
Berkeley  with  a  grin  ;"  and  this  contribution  to  science, — an  ex- 
ceptional if  not  a  unique  instance  of  a  great  physical  generalization 
reached  by  a  priori  reasoning, — though  published  in  1709,  remains 
in  advance  of  the  popular  knowledge  even  in  these  closing  years 
of  the  nineteenth  century. 

In  the  meantime  anew  error  had  risen  among  men, — a  new  truth, 
as  it  seemed  to  them, — and  a  thing  destined  to  have  a  strong  reflex 
action  on  the  doctrine  of  radiant  energy.  It  began  with  the  gen- 
eralization of  a  large  class  of  phenomena  which  we  now  associate 
with  the  action  of  oxygen,  then  of  course  unknown,  a  general- 
ization useful  in  itself,  and  accompanied  by  an  explanation  which 
was  not  in  its  origin  objectionable.    Let  us  consider,  in  illustration) 
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any  familiar  Instance  of  oxidation,  and  try  to  look  first  for  what 
was  reasonable  in  the  eighteenth-century  views  of  the  cause  of  such 
phenomena. 

A  piece  of  dry  wood  has  in  it  the  power  of  giving  out  heat  and 
light  when  set  on  fire ;  but  after  it  is  consumed  there  is  left  of  it 
only  inert  ashes,  which  can  give  neither.  Something,  then,  has 
left  the  wood  in  process  of  becoming  ashes ;  virtue  has  gone  oat 
of  it,  or,  as  we  should  say,  its  potential  energy  has  gone. 

This  is,  so  far,  an  important  observation,  extending  over  a  wide 
range  of  phenomena,  and,  if  it  had  presented  itself  to  the  predeces- 
sors of  Newton,  it  would  probably  have  been  allied  to  the  vibra- 
tory theories,  and  l^ecome  proportionately  fruitful.  But  to  his 
disciples,  and  to  chemists  and  others,  who,  without  being  perhaps 
disciples,  were  like  all  then,  more  or  less  consciously  influenced  by 
the  materiality  of  the  corpuscular  theory,  it  appeared  that  this  virtue 
also  was  a  material  emanation  ; —  that  this  energy  was  an  actual  in- 
gredient of  the  wood, —  a  crudeness  of  conception  which  seems 
most  strange  to  us,  but  is  not  perhaps  unaccountable  in  view  of 
the  then  current  thought. 

I  have  said  that  the  progress  of  science  is  not  so  much  that  of  an 
army  as  of  a  crowd  of  searchers,  and  that  a  call  in  a  false  direction 
may  be  responded  to,  not  by  one  only,  but  by  the  whole  body.  In 
illustration,  observe  that  during  the  greater  part  of  the  entire  eigh- 
teenth century,  this  doctrine  was  adopted  by  almost  every  chemist 
and  by  many  physicists.  It  had  as  general  an  aeceptance  among 
chemists  then  as  the  kinetic  theory  of  gases,  for  instance,  has 
among  physicists  now,  and,  so  far  as  time  is  any  test  of  truth,  it 
was  tested  more  severely  than  the  kinetic  theory  has  yet  been ;  for 
it  was  not  only  the  lamp  and  guide  of  chemists,  and  to  a  great  ex- 
tent of  physicists  also,  but  it  remained  the  time-honored  and  high- 
est generalization  of  chemical  science  for  over  half  a  century,  and 
it  was  accepted  not  so  much  as  a  conditional  hypothesis,  as  a  final 
guide,  and  a  conquest  for  truth  which  should  endure  always.  And 
now  where  is  it?  Dissipated  so  utterly  from  men's  minds,  that,  to 
the  unprofessional  part  of  even  an  educated  audience  like  this, 
^'  phlogiston,"  once  a  name  to  conjure  with,  has  become  an  un- 
meaning sound. 

There  is  no  need  to  insist  on  the  application  of  the  obvious 
moral  to  hypotheses  of  our  own  day. 

I  have  tried  to  recall  for  a  moment  all  that  *'  phlogiston"  meant 
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a  little  more  than  a  hundred  years  ago,  partly  because  it  seems  to 
me,  that,  though  a  chemical  conception,  physics  is  not  blameless 
for  it,  but  chiefly  because  before  it  quitted  the  world  it  appears  to 
have  returned  to  physics  the  wrong  in  a  multiplied  form,  by  gen- 
erating an  offspring  specially  inimical  to  true  ideas  about  radiant 
heat,  and  which  is  represented  by  a  yet  familiar  term.  I  mean 
"  caloric." 

This  word  is  still  used  loosely  as  a  synonyme  for  heat,  but  has 
quite  ceased  to  be  the  very  definite  and  technical  term  it  once  was. 
To  me  it  has  been  new  to  find  that  this  so  familiar  word  '^caloric," 
so  far  as  my  limited  search  has  gone,  was  apparently  coined  only 
toward  the  last  quarter  of  the  last  century.  It  is  not  to  be  found  in 
the  earliest  edition  of  Johnston's  dictionai*y,  and,  as  far  as  I  can 
learn,  appears  first  in  the  corresponding  French  form  in  the  works 
of  Fourcroy.  It  expressed  an  idea  which  was  the  natural  sequence 
of  the  phlogiston  theory,  and  which  is  another  illustration  that  the 
evil  which  such  theories  do  lives  after  them. 

^'  Caloric"  first  seemingly  appears,  then,  as  a  word  coined  by  the 
French  chemists,  and  meant  originally  to  signify  the  unknown 
cause  of  the  sensation  heat,  without  any  implication  as  to  its  na- 
ture. But  words,  we  know,  though  but  wise  men's  counters,  are  the 
money  of  fools ;  and  this  one  very  soon  came  to  commit  its  users 
to  an  idea  which  was  more  likely  to  have  had  its  origin  in  the  mind 
of  a  chemist  at  that  time  than  of  any  other, — the  idea  of  the  cause 
of  heat  as  a  material  ingredient  of  the  hot  body ;  something  not,  it 
is  true,  having  weight,  but  which  it  would  have  been  only  a  slight 
extension  of  the  conception,  to  think  might  one  day  be  isolated 
by  a  higher  chemical  art,  and  exhibited  in  a  tangible  form. 

We  may  desire  to  recognize  the  perverted  truth  which  usually 
underlies  error  and  gives  it  currency,  and  be  willing  to  believe  that 
even  ^^  caloric"  may  have  had  some  justification  for  its  existence ; 
but  this  error  certainly  seems  to  have  been  almost  altogether  per- 
nicious for  nearly  the  next  eighty  years,  and  down  even  to  our  own 
time.  With  this  conception  as  a  guide  to  the  philosophers  of  the 
last  years  of  the  eighteenth  century,  it  is  not,  at  any  rate,  surpris- 
ing if  we  find  that  at  the  end  of  a  hundred  years  from  Newton  the 
crowd  seems  to  be  still  going  constantly  farther  and  farther  away 
from  its  true  goal. 

The  doctrine  of  caloric  is,  however,  always  recognized  as  an 
hypothesis  more  acceptable  to  chemists  than  to  physicists,  some  of 
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whom  still  stand  out  for  the  theories  of  Newton's  predecessors,  even 
through  the  darkest  years ;  so  that  the  old  idea  of  heat,  as  a  mode 
of  motion,  has  by  no  means  so  utterly  died  that  it  does  not  ap- 
pear here  and  there  during  the  last  century,  and  indeed,  not  only 
among  philosophers,  but  even  in  a  popular  form. 

In  an  old  English  translation  of  Father  Regnault's  compilation 
on  physics,  dated  about  1730,  I  find,  for  instance,  the  most  ex- 
plicit statement  of  the  doctrine  of  heat  as  a  mode  of  motion.  Here 
heat  is  defined  (with  the  aid  of  a  simile  due,  I  believe,  to  Boyle)  as 
*^any  Agitation  whatever  of  the  insensible  parts.     Thus  a  Nail 
which  is  drove  into  the  Wood  by  the  stroke  of  a  Hammer  does  not 
appear  to  be  hot,  because  its  immediate  parts  have  but  one  common 
Movement.     But  should  the  Nail  cease  to  drive,  it  would  acquire 
a  sensible  Heat,  because  its  insensible  Parts  which  receive  the  Mo- 
tion of  the  Hammer  now  acquire  an  agitation  ever}'  way  rapid.'' 
We  certainly  must  admit  that  the  user  of  this  illustration  had  just 
and  clear  ideas ;  and  the  interesting  point  here  appears  to  be,  that 
as  Father  Regnault's  was  not  an  original  work,  but  a  mere  compen- 
dium or  popular  scientific  treatise  of  the  period,  we  see,  if  only 
from  this  instance,  that  the  doctrine  of  heat  as  a  mode  of  motion 
was  not  confined  to  the  great  men  of  an  earlier  or  a  later  time, 
but  formed  a  part  of  the  common  pabulum  during  the  eighteenth 
century  to  an  extent  that  has  been  forgotten. 

Although  Prevost  gave  us  his  most  material  contribution  about 
1790,  we  have,  it  seems  to  me,  on  the  whole,  little  to  interest  us 
during  that  barren  time  in  the  history  of  radiant  energy  called  the 
eighteenth  century, —  a  century  in  which  science  wore  the  ped- 
ant's cap  and  gown,  and  her  students  read  the  poem  of  Creation 
like  grammarians,  for  its  syntax ; —  a  century  whose  latter  years 
are  given  up,  till  near  its  very  close,  to  bad  a  priori  theories  in 
our  subject,  except  in  the  work  of  two  Americans ;  for  in  the  gen- 
eral dearth  at  this  time  of  experiments  in  radiant  heat,  it  is  a 
pleasure  to  fancy  Benjamin  Franklin  sitting  down  before  the  fire, 
with  a  white  stocking  on  one  leg  and  a  black  one  on  the  other,  to 
see  which  leg  would  bum  first,  and  to  recall  again  how  Benjamin 
Thompson  (Count  Rumford)  not  only  weighed  "  caloric  "  literally 
in  the  balance  and  found  it  wanting,  but  made  that  memorable  ex- 
periment in  the  Munich  founderies  which  showed  that  heat  was 
perpetually  and  without  limit  created  from  motion. 

It  was  in  the  last  years  of  the  century,  too,  that  he  provided  for 
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the  medal  called  by  his  name,  and  which,  though  to  be  given  for 
researches  in  heat  and  light,  has,  I  believe,  been  allotted  in  nearly 
every  instance  to  men,  who,  like  Leslie,  Mains,  Davy,  Brewster, 
Fresnel,  Melloni,  Faraday,  Arago,  Stokes,  Maxwell,  and  Tyndall, 
have  contributed  toward  the  subject  of  radiant  energy  in  particu- 
lar. 

We  observe  that  before  this  time  the  scientific  literature  of  the 
century  scarcely  considers  the  idea  even  of  radiant  heat,  still  less 
of  radiant  energy,  so  that  we  have  been  obliged  here  to  discuss 
the  views  of  its  physicists  about  heat  in  general,  heat  and  light  in 
most  minds  being  then  distinct  entities ;  all  the  ways  for  pilgrims 
to  this  special  shrine  of  truth  being  barred,  like  those  in  Bunyan's 
Pilgrim's  Progress,  by  the  two  unfriendly  giants  who  are  here  called 
Phlogiston  and  Caloric,  so  that  there  are  few  scientific  pilgrims 
who  do  not  pay  them  toll. 

The  last  years  of  this  century  were  destined  to  see  the  most  re- 
markable experiments  in  heat  made  in  the  whole  of  the  hundred  ; 
for  the  memoir  of  Rumford  appeared  in  the  Philosophical  Trans- 
actions for  1798 ;  and  in  the  very  year  1800  appeared  in  the  same 
place  Sir  William  Herschel's  paper,  in  which  he  describes  how  he 
placed  a  thermometer  in  successive  colors  of  the  solar  spectrum, 
finding  the  heat  increase  progressively  from  the  violet  to  the  red, 
and  increase  yet  more  beyond  the  red  where  there  was  no  color  or 
light  whatever ;  so  that  thei*e  are,  he  observes,  invisible  rays  as 
well  as  visible.  More  (han  that,  the  first  outnumber  the  second  ; 
and  these  dark  rays  are  found  in  the  very  source  and  fount  of  light 
itself.  These  dark  rays  can  also  be  obtained,  he  observes,  from  a 
candle  or  a  piece  of  non-luminous  hot  iron,  and,  what  is  very  sig- 
nificant, they  are  found  to  pass  through  glass,  and  to  be  refracted 
by  it  like  luminous  ones. 

And  now  Herschel,  searching  for  the  final  verity  through  a  series 
of  excellent  experiments,  asks  a  question  which  shows  that  he  has 
truth,  so  to  speak,  in  his  hands, —  he  asks  himself  the  great  ques- 
tion whether  heat  and  light  be  occasioned  by  the  same  or  dififerent 
rays. 

Remember  the  importance  of  this  (which  the  querist  himself 
fully  recognized)  ;  remember,  that,  after  long  hunting  in  the  blind- 
fold search,  he  has  laid  hands,  as  we  now  know,  on  the  truth  her- 
self, and  then  see  him  —  let  go.  He  decides  that  heat  and  light 
are  not  occasioned  by  the  same  ra3*s,  and  we  seem  to  see  the  fugi- 
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tive  escape  from  his  grasp,  not  to  be  again  fairly  caught  till  the 
next  generation. 

I  hardly  know  more  remarkable  papers  than  these  of  Herschel's 
in  the  Philosophical  Transactions  for  1800,  or  anything  more  in- 
structive in  little  men's  successes  than  in  this  great  man's  failure, 
which  came  in  the  moment  of  success.  I  would  strongly  recom- 
mend the  reading  of  these  remarkable  original  memoirs  to  any 
physicist  who  knows  them  only  at  second-hand. 

One  more  significant  lesson  remains,  in  the  effect  of  this  on  the 
minds  of  his  contemporaries.  Herschel's  observation  is  to  us  al- 
most a  demonstration  of  the  identity  of  radiant  heat  and  light ; 
but  now,  though  the  ninefteenth  century  is  opening,  it  is  with  the 
doctrine  in  the  minds  of  most  physicists,  and  perhaps  of  all  chem- 
ists, that  heat  is  occasioned  by  a  certain  material  fluid.  Phlogiston 
is  by  this  time  dead  or  d3'ing,  but  Caloric  is  very  much  alive,  and 
never  more  perniciously  active  than  now,  when,  for  instance,  years 
after  Herschel's  observation,  we  find  this  cited  as  ^^  demonstrating 
the  existence  of  caloric ;" —  which  was,  it  seems,  the  way  it  looked 
to  a  contemporary. 

In  the  year  1804  appeared  what  should  be  a  very  notable  book 
in  the  history  of  our  subject,  written  by  Sir  John  Leslie,  whose 
name  survives  perhaps  in  the  minds  of  many  students  chiefly  in 
connection  with  the  '^  cube"  which  is  still  called  after  him. 

Leslie,  however,  ought  to  be  remembered  as  a  man  of  original 
genius,  worthy  to  be  mentioned  with  Herschel  and  Melloni ;  and 
his,  too,  is  one  of  the  books  which  the  student  may  be  recommended 
to  read,  at  least  in  part,  in  the  original ;  not  so  much  for  the  writer's 
instructive  experiments  (which  will  be  found  in  our  text-books)  as 
for  his  most  instructive  mistakes,  which  the  text-book  will  proba- 
bly not  mention. 

He  began  by  introducing  the  use  of  the  simple  instrument  which 
bears  his  name,  and  a  new  and  more  delicate  heat-measurer  (the 
differential  thermometer)  ;  and  with  these,  and  concave  reflectors 
of  glass  and  metal,  he  commenced  experiments  in  radiant  heat, 
than  which,  he  tells  us,  no  part  of  physical  science  then  appeared 
so  dark,  so  dubious,  and  so  neglected.  It  is  interesting,  and  it 
marks  the  degree  of  neglect  he  alludes  to,  that  his  first  discovery 
was  that  different  substances  have  different  radiating  and  absorb- 
ing powers.  It  gives  us  a  vivid  idea  of  the  density  of  previous 
ignorance,  that  it  was  left  to  the  present  century  to  demonstrate 
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this  elementary  fact,  and  that  Leslie,  in  view  of  such  discoveries, 
says,  ^^I  was  transported  at  the  prospect  of  a  new  world  emerging 
to  view." 

Next  he  shows  that  the  radiating  and  absorbing  powers  are  pro- 
portional, next  that  cold  as  well  as  heat  seems  to  be  radiated,  and 
next  undertakes  to  see  whether  this  radiant  heat  has  any  affinity 
to  light.  He  then  experiments  in  the  ability  of  radiant  heat  to 
pass  through  a  transparent  glass,  which  transmits  light  freely,  and 
thinks  he  finds  that  none  does  pass.  Radiant  heat  with  him  seems 
to  mean  heat  from  non-luminous  sources ;  and  the  ability  or  non- 
ability  of  this  to  pass  through  glass,  is  to  Leslie  and  his  successors 
a  most  crucial  test,  and  its  failure  to  do  so  a  proof  that  this  heat 
is  not  affiliated  to  light. 

Let  us  pause  a  moment  here  to  reflect  that  we  are  apt  to  uncon- 
sciously assume,  while  judging  from  our  own  present  standpoint 
where  past  error  is  so  plain,  that  the  false  conclusion  can  only  be 
chosen  by  an  able,  earnest,  conscientious  seeker,  after  a  sort  of 
struggle.  Not  so.  Such  a  man  is  found  welcoming  the  false  with 
rapture,  as  very  truth  herself. 

^^  What,  then,"  says  Leslie,  '^  is  this  calorific  and  frigorific  fluid 
after  which  we  are  inquiring?  It  is  not  light,  it  has  no  relation  to 
ether,  it  bears  no  analogy  to  the  fluids,  real  or  imaginary,  of  mag- 
netism and  electricity.  But  why  have  recourse  to  invisible  agents? 
Quod  petis^  hie  est.    It  is  merely  the  ambient  AIR." 

The  capitals  are  Leslie's  own,  but  ere  we  smile  with  superior 
knowledge,  let  us  put  ourselves  in  his  place,  and  then  we  may  com- 
prehend the  exultation  with  which  he  announces  the  identity  of 
radiant  heat  and  common  air,  for  he  feels  that  he  is  beginning  a 
daring  revolt  against  the  orthodox  doctrine  of  caloric ;  and  so  he  is. 

The  first  five  years  of  this  century  are  notable  in  the  history  of 
radiant  energy,  not  only  for  the  work  of  Leslie,  and  for  the  obser- 
yation  by  WoUaston,  Ritter,  and  others,  of  the  so-called  ''  chemi- 
cal" rays  beyond  the  violet,  but  for  the  appearance  of  Young's 
papers,  reestablishing  the  undulatory  theory,  which  he  indeed  con- 
sidered in  regard  to  light,  but  which  was  obviously  destined  to 
affect  most  powerfully  the  theory  of  radiant  energy  in  general. 

We  are  now  in  the  year  1804,  or  over  a  century  and  a  quarter 
since  the  corpuscular  theory  was  emitted,  and  during  that  time  it 
has  gradually  grown  to  be  an  article  of  faith  in  a  sort  of  scientific 
church,  where  Newton  has  come  to  be  looked  on  as  an  infallible 
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head,  and  his  views  as  dogmas,  aboat  which  no  doubt  is  to  be  tol- 
erated ;  but  if  we  could  go  back  to  Cambridge  in  the  year  1668,  when 
the  obscure  young  student,  in  no  way  conscious  of  his  future  pon- 
tificate, takes  his  degree  (standing  twenty-third  on  the  list  of  grad- 
uates), we  should  probably  find  that  he  had  already  elaborated  and 
greatly  improved  certain  already  current  ideas  into  the  undulatory 
theoiy  of  light,  which  he  at  any  rate  promulgated  a  few  years  later, 
and  afterward,  pressed  with  many  difiSculties,  altered,  as  we  now 
know,  to  an  emissive  one. 

Probably,  if  we  could  have  heard  his  own  statement  then,  be 
would  have  told  how  sorely  tried  he  was  between  these  two  opin- 
ions, and,  while  explaining  to  us  how  the  wavering  balance  came 
to  lean  as  it  did,  would  have  admitted,  with  the  modesty  proper  to 
such  a  man,  that  there  was  a  great  deal  to  be  said  on  either  side. 
We  may,  at  any  rate,  be  sure  that  it  would  not  be  f^om  the  lips  of 
Newton  himself  that  we  should  have  had  this  announced  as  a  belief 
which  was  to  be  part  of  the  rule  of  faith  to  any  man  of  science. 

But  observe  how,  if  science  and  theology  look  askance  at  each 
other,  it  is  still  true  that  some  scientific  men  and  some  theologians 
have,  at  any  rate,  more  in  common  than  either  is  ready  to  admit ;  for 
at  the  beginning  of  this  century  Newton's  followers,  far  less  tolerant 
than  their  master,  have  made  out  of  this  modest  man  a  scientific 
pontiff,  and  out  of  his  diffident  opinions  a  positive  dogma,  till  as 
years  go  on,  he  comes  to  be  cited  as  so  infallible  that  a  question- 
ing of  these  opinions  is  an  offence  deserving  excommunication. 

This  has  grown  to  be  the  state  of  things  in  1804,  when  Young, 
a  man  possessing  something  of  Newton's  own  greatness,  ventures 
to  put  forward  some  considerations  to  show  that  the  undulatory 
theory  may  be  the  true  one,  after  all.  But  the  prevalent  and  or- 
thodox scientific  faith  was  still  that  of  the  material  nature  of  light ; 
the  undulatory  hypothesis  was  a  heresy,  and  Young  a  heretic.  If 
his  great  researches  had  been  reviewed  by  a  physicist  or  a  brother 
worker,  who  had  himself  trodden  the  diflScult  path  of  discovery, 
he  might  have  been  treated  at  least  intelligently ;  but  then,  as  al- 
ways, the  camp-followers,  who  had  never  been  at  the  front,  shouted 
from  a  safe  position  in  the  rear  to  the  man  in  the  dust  of  the  fight, 
that  he  was  not  proceeding  according  to  the  approved  rules  of  tac- 
tics ;  then,  as  always,  these  men  stood  between  the  public  and  the 
investigator,  and  distributed  praise  or  blame. 

If  you  wish  to  hear  how  the  scientific  heretic  should  be  rebuked 
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for  his  folly,  listen  to  one  who  never  made  an  observation,  but, 
having  a  smattering  of  everything  books  could  teach  about  every 
branch  of  knowledge,  was  judged  by  himself  and  by  the  public  to 
be  the  fittest  interpreter  to  it,  of  the  physical  science  of  this  day. 
I  mean  Henry  Brougham,  the  universal  critic,  the  future  Lord-chan- 
cellor of  England,  of  whom  it  was  observed,  that,  ^4f  he  had  but 
known  a  little  law^  he  would  have  known  a  little  of  everything." 
He  uses  the  then  all-powerful  Edinburgh  Review  for  his  pulpit,  and 
from  it  fulminates  the  condemnations  of  the  church  on  the  innovat- 
ing memoir  of  the  heretical  Young. 

^^This  paper,"  he  says,^ 'contains  nothing  which  deserves  the  name 
of  experiment  or  discoveiy ;  and  it  is,  in  fact,  destitute  of  every 
species  of  merit  .  .  .  first  is  another  lecture,  containing  more  fan- 
cies, more  blunders,  more  unfounded  hypotheses,  more  gratuitous 
fictions  .  •  .  and  all  from  the  fertile  yet  fruitless  brain  of  the  eter- 
nal Dr.  Young.  In  our  second  number  we  exposed  the  absurdity 
of  this  writer's  'law  of  interference,'  as  it  pleases  him  to  call  one 
of  the  most  incomprehensible  suppositions  that  we  remember  to 
have  met  with  in  the  history  of  human  hypotheses." 

There  are  whole  pages  of  it,  but  this  is  enough  ;  and  I  cite  this 
passage  among  many  such  at  command,  not  only  as  an  example  of 
the  way  the  undulatory  theory  was  treated  at  the  beginning  of  this 
century  in  the  first  critical  journal  of  Europe,  but  as  another  exam- 
ple of  the  general  rule  that  the  same  thing  may  appear  intrinsically 
absurd,  or  intrinsically  reasonable,  according  to  the  year  of  grace 
in  which  we  hear  of  it.  The  great  majority,  even  of  students  of 
science,  must  take  their  opinions  ready-made  as  to  science  in  gen- 
eral ;  each  knowing,  so  far  as  he  can  be  said  to  know  anything  at 
first-hand,  only  that  little  corner  which  research  has  made  spe- 
cially his  own. 

The  moral  we  can  all  draw,  I  think,  for  ourselves. 

In  spite  of  such  criticism  as  this,  the  undulatory  hypothesis  of 
light  made  rapid  way,  and  carried  with  it,  one  would  now  say,  the 
necessary  inference  that  radiant  heat  was  due  to  undulations  also. 
This  was,  however,  no  legitimate  inference  to  those  to  whom  radi- 
ant heat  was  still  a  fiuid ;  and  yet,  in  spite  of  all,  the  modei'n  doc- 
trine now  begins  to  make  visible  progress. 

A  mai'ked  step  is  taken  about  1811  by  a  young  Frenchman,  De 
la  Roche,  who  deserves  to  be  better  remembered  than  he  is,  for  he 
clearly  anticipated  some  of  Melloni's  discoveries.    De  la  Roche  in 
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particular  shows  that  of  two  snccessive  screens  the  second  absorbs 
heat  in  a  less  ratio  than  the  first ;  whence  he,  before  any  one  else, 
I  believe,  derives  the  just  and  most  important,  as  well  as  the  then 
most  novel  conception,  that  radiant  heat  is  of  different  kinds.  He 
sees  also,  that,  as  a  body  is  heated  more  and  more,  there  is  a  grad- 
ual and  continual  advance  not  only  in  the  amount  of  heat  it  sends 
out,  but  in  the  kind,  so  that,  as  the  temperature  still  rises,  the  ra- 
diant heat  becomes  light  by  imperceptible  gradations ;  and  he  con- 
cludes that  heat  and  light  are  due  to  one  simple  agent,  which,  as 
the  temperature  rises  yet  more,  appears  more  and  more  as  light, 
or  which,  as  the  luminous  radiation  is  absorbed,  re-appears  as  heat. 
Very  little  of  it,  he  observes,  passes  even  transparent  screens  at 
low  temperatures,  but  more  and  more  does  so  as  the  temperature 
rises. 

All  this  is  a  truism  in  1888,  but  it  appears  admirably  new  as 
well  as  true  in  1811;  and  if  De  la  Roche  had  not  been  removed 
by  an  early  death,  his  would  have  not  improbably  been  the  great- 
est name  of  the  century  in  the  history  of  our  subject ;  an  honor, 
however,  which  was  in  fact  reserved  for  another. 

The  idea  of  the  identity  of  light  and  radiant  heat  had  by  this 
time  made  such  progress  that  the  attempt  to  polarize  the  latter  was 
made  in  1818  by  Berard.  We  have  just  seen  in  Herschel's  case 
how  the  most  sound  experiment  may  lead  to  a  wrong  conclusion, 
if  it  controvert  the  popular  view.  We  now  have  the  converse  of 
this  in  the  fact  that  the  zeal  of  those  who  are  really  in  the  right 
way  may  lead  to  unsound  and  inconclusive  experiment ;  for  Berard 
experimentally  established,  as  it  was  supposed,  the  fact  that  ob- 
scure radiant  heat  can  be  polarized.  So  it  can,  but  not  with  such 
means  as  Berard  possessed,  and  it  was  not  till  a  dozen  years  more 
that  Forbes  actually  pi*oved  it. 

At  this  time,  however  fairly  we  seem  embarked  on  the  paths  of 
study  which  are  followed  to-day,  and  while  the  movement  of  the 
main  body  of  workers  is  in  the  right  direction,  it  is  yet  instructive 
to  obsei've  how  eminent  men  are  still  spending  great  and  conscien- 
tious labor,  their  object  in  which  is  to  advance  the  cause,  while  the 
effect  of  it  is  to  undo  the  little  which  has  been  rightly  done,  and  to 
mislead  those  who  have  begun  to  go  right. 

As  an  instance  both  of  this  and  of  the  superiority  of  modern  ap- 
paratus, we  may  remark, — after  having  noticed  that  the  ability  of 
obscure  heat  to  pass  through  glass,  if  completely  established,  would 
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be  a  strong  argument  in  favor  of  its  kinship  to  light,  and  that  De 
la  Roche  and  others  had  indicated  that  it  woald  do  so  (in  which 
we  now  know  they  were  right), — that  at  this  stage,  or  about  1816, 
Sir  David  Brewster,  the  eminent  physicist,  made  a  series  of  experi- 
ments which  showed  that  it  would  not  so  pass.  Ten  years  later, 
in  view  of  the  importance  of  the  theoretical  conclusion,  Baden  Pow- 
ell repeated  his  observations  with  great  care,  and  confirmed  them, 
announcing  that  the  earlier  experimenters  were  wrong,  and  that 
Brewster  was  right ;  so  that  here  all  these  years  of  conscientious 
work  resulted  in  establishing,  so  far  as  it  could  be  established,  a 
wholly  wrong  conclusion  in  place  of  a  right  one  already  gained. 

It  may  be  added,  that  with  our  present  apparatus,  the  passage 
of  obscure  radiant  heat  through  glass  could  be  made  convincingly 
evident  in  an  experiment  which  need  not  last  a  single  second. 

We  are  now  arrived  at  a  time  when  the  modem  era  begins ;  and 
in  looking  back  over  one  hundred  and  fifty  years,  from  the  point  of 
view  of  the  experimenter  himself,  with  his  own  statement  of  the 
truth  as  he  saw  it,  we  find  that  the  comparison  of  the  progress  of 
science  to  that  of  an  army,  which  moves,  perhaps  with  the  loss  of 
occasional  men,  but  on  the  whole  victoriously  and  in  one  direction, 
is  singularly  misleading ;  and  I  state  this  more  confidently  here, 
because  there  are  many  in  this  audience  who  did  not  get  their 
knowledge  of  nature  from  books  only,  but  who  have  searched  for 
the  truth  themselves ;  and,  speaking  to  them,  may  I  not  say  that 
those  who  have  so  searched  know  that  the  most  honest  purpose 
and  the  most  patient  striving  have  not  been  guaranties  against 
mistakes, — mistakes  which  were  probably  hailed  at  the  time  as  suc- 
cesses? It  was  some  one  of  the  fraternity  of  seekers,  I  am  sure, 
who  said,  ^^  Show  me  the  investigator  who  has  never  made  a  mis- 
take, and  I  will  show  you  one  who  has  never  made  a  discovery." 

We  have  seen  the  whole  scientific  body,  as  regards  this  partic- 
ular science  of  radiant  energy,  moving  in  a  mass,  in  a  wrong  di- 
rection, for  a  century ;  we  have  seen  that  individuals  in  it  go  on 
their  independent  paths  of  error ;  and  we  can  only  wonder  that  an 
era  should  have  come  in  which  such  a  real  advance  is  made  as  in 
ours. 

That  era  has  been  brought  in  by  the  works  of  many,  but  more 
than  by  any  other  through  the  fact  that,  in  the  year  1801,  there 
came  into  the  world  at  Parma  an  infant  who  was  bom  a  physicist, 
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as  another  is  born  a  poet;  nay,  more;  who  was  born,  one  might 
say,  a  devotee  of  one  department  of  physics,  that  of  radiant  heat ; 
being  affected  in  his  tenderest  years  with  such  a  kind  of  precocious 
passion  for  the  subject  as  the  childish  Mozart  showed  for  music. 
He  was  ready  to  sacrifice  everything  for  it ;  he  struggled  through 
untold  difficulties,  not  for  the  sake  of  glory  or  worldly  profit,  but 
for  radiant  heat's  sake ;  and  when  fame  finally  came^to  him,  and 
he  had  the  right  to  speak  of  himself,  he  wrote  a  preface  to  his  col- 
lected researches,  which  is  as  remarkable  as  anything  in  his  works. 
In  this  preface  he  has  given  us,  not  a  summary  of  previous  me* 
moirs  on  the  subject,  not  a  table  of  useful  factors  and  formulae,  not 
anything  at  all  that  an  English  or  an  American  scientific  treatise 
usually  begins  with,  but  the  ingenuous  story  of  his  first  love,  of 
his  boyish  passion  for  this  beloved  mistress ;  and  all  this  with  a 
trust  in  us  his  readers  which  is  beautiful  in  its  childlike  confidence 
in  our  sympathy. 

I  should  need  to  abbreviate  and  injure  in  order  to  quote ;  but 
did  ever  a  learned  physical  treatise  and  collection  of  useful  tables 
begin  like  this  before  ? 

^^I  was  born  at  Parma,  and  when  I  got  a  holiday  used  to  go  into 
the  country  the  night  before,  and  go  to  bed  early,  so  as  to  get  up 
before  the  dawn.  Then  I  used  to  steal  silently  out  of  the  house, 
and  run,  with  bounding  heart,  till  I  got  to  the  top  of  a  little  hill, 
where  I  used  to  set  myself  so  as  to  look  toward  the  East."  There, 
he  tells  us,  he  used,  in  the  stillness  of  nature,  to  wait  the  rising 
sun,  and  feel  his  attention  rapt,  less  with  the  glorious  spectacle  of 
the  morning  light  itself  than  with  the  sense  of  the  mysterious  heat 
which  accompanied  its  beams,  and  brought  something  more  neces- 
sary to  our  life  and  that  of  all  nature  than  the  light  itself,  so  that 
the  idea  that  not  only  mankind,  but  nature,  would  perish  though 
the  light  continued,  if  this  was  divorced  from  heat,  made  a  profound 
impression,  he  tells  us,  on  his  childish  mind. 

The  statement  that  such  an  idea  could  enter  with  dominating 
force  into  the  mind  of  a  child  will  perhaps  seem  improbable  to  most. 
It  will,  however,  be  credible  enough  to  some  here,  I  have  no  doubt. 

Is  there  some  ornithologist  present  who  remembers  a  quite  in- 
fantile attraction  which  birds  possessed  for  him  above  all  the  rest 
of  the  animated  creation  ?  some  chemist  whose  earliest  recollections 
are  of  the  strange  and  quite  abnormal  interest  he  found  as  a  child 
in  making  experimental  mixtures  of  every  kind  of  accessible  house- 
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hold  fluid  and  solid?  some  astronomer  who  remembers  that  when  a 
very  little  creature  not  only  the  sight  of  the  stars,  but  of  any  work 
on  astronomy,  even  if  utterly  beyond  his  childish  comprehension, 
had  an  incomprehensible  attraction  for  him  ?  I  will  not  add  to  the 
list.  There  are,  at  any  rate,  many  here  who  will  understand  Mel- 
loni  when  he  tells  how  this  radiant  heat,  commonplace  to  others, 
was  wonderful  to  his  childish  thought,  and  wrought  a  charm  on  it 
sach  that  he  could  not  see  wood  burn  in  a  fireplace,  or  look  at  a 
hot  stove,  without  its  drawing  his  mind,  not  to  the  fire  or  iron  it- 
self, but  to  the  mysterious  efiSuence  which  it  sent. 

This  was  the  youth  of  genius ;  but  let  not  any  fancy  that  genius 
in  research  is  to  be  argued  from  such  premonitions  alone,  unless 
it  can  add  to  them  that  other  qualification  of  genius  which  has 
caused  it  to  be  named  the  faculty  of  taking  infinite  pains.  Melloni's 
subsequent  labors  justified  this  last  definition  also ;  but  I  cannot 
speak  of  them  here,  further  than  to  say,  that,  after  going  over  a 
large  part  of  his  work  myself,  with  modem  methods  and  with  bet- 
ter apparatus,  he  seems  to  me  the  man,  of  all  great  students  of  our 
subject,  who,  in  reference  to  what  he  accomplished,  made  the  few- 
est tnistakes. 

Melloni  is  very  great  as  an  experimenter,  and  owes  much  of  his 
success  to  the  use  of  the  newly  invented  thermopile,  which  is  partly 
his  own.  I  can  here,  however,  speak  only  of  his  results,  and  of 
but  two  of  these, —  one  generally  known ;  the  other,  and  the  more 
important,  singularly  little  known,  at  least  in  connection  with  him. 

The  first  is  the  full  recognition  of  the  fact,  partly  anticipated  by 
De  la  Roche,  that  radiant  heat  is  of  difierent  kinds,  and  that  the 
invisible  emanations  differ  among  themselves  just  as  those  of  light 
do.  Melloni  not  only  established  the  fact,  but  invented  a  felici- 
tous term  for  it,  which  did  a  gi*eat  deal  to  stamp  it  on  recogni- 
tion,—  the  term  ''  thermochrose,"  or  heat-color,  which  helps  us  to 
remember,  that,  as  the  visible  and  apparently  simple  emanation  of 
light  is  found  to  have  its  colors,  so  radiant  heat,  the  invisible  but 
apparently  simple  emanation,  has  what  would  be  colors  to  an  eye 
that  could  see  them.  This  result  is  well  known  in  connection  with 
Melloni. 

The  other  and  the  greater,  which  is  not  generally  known  as 
Melloni's,  is  the  generalization  that  heat  and  light  are  effects  of 
one  and  the  same  thing,  and  merely  different  manifestations  of  it. 
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I  translate  this  important  statement  as  closely  as  possible  from  his 
own  words.    They  are  that 

"  LigM  is  merely  a  series  of  calorific  indiccUions  sensible  to  the 
organs  of  sigJU^  or  vice  versa^  the  radiations  of  obscure  heat  are 
veritable  invisible  radiations  of  light," 

The  italics  and  the  capitals  are  Melloni's  own.  He  wishes  to 
have  no  ambiguity  about  his  announcement  behind  which  he  may 
take  shelter ;  and  he  had  so  firm  a  grasp  of  the  great  principle, 
that,  when  his  first  attempts  to  observe  the  heat  of  the  moon  failed, 
he  persevered,  because  this  principle  assured  him  that  where  there 
was  light  there  must  be  heat.  This  statement  was  made  in  1843, 
and  ought,  I  think,  to  insure  to  Melloni  the  honor  of  being  first  to 
thus  distinctly  announce  this  great  generalization. 

The  announcement  passed  apjiarently  unnoticed,  in  spite  of  his 
acknowledged  authority ;  and  the  general  belief  not  merely  in  dif- 
ferent entities  in  the  spectrum,  but  in  a  material  caloric,  continued 
as  strong  as  ever.  If  you  want  to  see  what  a  hold  on  life  error 
has,  and  how  hard  it  dies,  turn  to  the  article  ^^heat,"  in  the  eighth 
edition  of  the  **  Encyclopaedia  Britannlca,"  where  you  will  find  the 
old  doctrine  of  caloric  still  in  possession  of  the  field  in  1858  ;  and 
still  later,  in  the  generally  excellent  ^^English  EncyclopsBdia"  (edi- 
tion of  1867),  the  doctrine  of  caloric  is,  on  the  whole,  preferred  to 
the  undulatory  hypothesis.  It  is  very  probable  that  a  searcher 
might  find  many  traces  of  it  yet  lingering  among  us ;  so  that  Giant 
Caloric  Is  not,  perhaps,  even  yet  quite  dead,  though  certainly  grown 
BO  crazy  and  stiff  in  the  joints,  that  he  can  now  harm  pilgrims  no 
more. 

So  far  as  I  know,  no  physicist  of  eminence  reasserted  Melloni's 
principle  with  equal  emphasis,  till  J.  W.  Draper,  in  1872.  Only 
sixteen  years  ago,  or  in  1872,  it  was  almost  universally  believed 
that  there  were  three  different  entities  in  the  spectrum,  represented 
by  actinic,  luminous  and  thermal  rays.  Draper  remarks  that  a  ray 
consists  solely  of  ethereal  vibrations  whose  lost  vis  viva  may  pro- 
duce either  heat  or  chemical  change.  He  uses  Descartes'  analogy 
of  the  vibration  of  the  air,  and  sound ;  but  he  makes  no  mention 
either  of  Descartes  or  of  Melloni,  and  speaks  of  tbe  principle  as 
leading  to  a  modification  of  views  then  ^^  universally"  held.  Since 
that  time  the  theory  has  made  such  rapid  progress,  that,  though 
some  of  the  older  men  in  England  and  on  the  European  continent 
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have  not  welcomed  it,  its  adoption  among  all  physicists  of  note  may 
be  said  to  be  now  universal,  and  a  new  era  in  our  history  begins 
'with  it.  I  mean  with  the  recognition  that  there  is  one  radiant  en- 
ergy which  appears  to  us  as  ^^  actinic/'  or  ''  luminous"  or  '^  ther- 
mal" radiation,  according  to  the  way  we  observe  it.  Heat  and  light, 
then,  are  not  things  in  themselves,  but  whether  different  sensations 
iu  our  own  bodies,  or  different  effects  in  other  bodies,  are  merely 
effects  of  this  mysterious  thing  we  call  radiant  energy,  without  do- 
ing more  in  this  than  give  a  name  to  the  ignorance  which  still 
bangs  over  the  ultimate  cause. 

I  am  coming  down  dangerously  near  our  own  time,  for  one  who 
would  be  impartial  in  dealing  with  names  of  those  still  living.  In 
such  a  brief  review  of  this  century's  study  of  radiant  energy  in 
other  forms  than  light,  it  has  been  necessary  to  pass  without  men- 
tion the  labors  of  such  men  as  Pouillet  and  Becquerel  in  France, 
of  Tyndall  in  England,  and  of  Henry  in  America.  It  has  been 
necessary  to  omit  all  mention  of  those  who  have  advanced  the 
knowledge  of  radiant  energy  as  light,  or  I  should  have  had  to  speak 
of  labors  so  diverse  as  those  of  Fraunhofer,  of  Kirchoff,  of  Fres- 
nel,  of  Stokes,  of  Lockyer,  of  Jannsen,  and  many  more.  I  have 
made  no  mention,  in  the  instructive  history  of  error,  of  many  cel- 
ebrated experimental  researches ;  in  particular  of  such  a  problem 
as  the  measurement  of  solar  heat,  great  in  importance,  but  appar- 
ently most  simple  in  solution,  yet  which  has  now  been  carried  on 
from  generation  to  generation,  each  experimenter  materially  al- 
tering the  result  of  his  predecessor,  and  where  our  successors  will 
probably  correct  our  own  results  in  turn.  I  have  not  spoken  of 
ceitain  purely  experimental  investigations,  like  those  of  Dulong 
and  Petit,  which  have  involved  immense  and  conscientious  labor, 
and  have  apparently  rightly  earned  the  name  of  ^'  classic "  from 
one  generation,  only  to  be  recognized  by  the  next  as  leading  to 
untrustworthy  results,  and  leaving  the  work  to  be  done  again  with 
new  methods,  guided  by  new  principles. 

In  these  instances,  painstaking  experiments  have  proved  insuf- 
ficient, less  from  want  of  skill  in  the  investigator  than  from  his 
ignorance  of  principles  not  established  in  time  to  enable  him  to 
interpret  his  experiments ;  but,  if  there  were  opportunity,  it  would 
be  profitable  to  show  how  inexplicably  sometimes  error  flourishes, 
grows,  and  maintains  an  apparently  healthy  appearance  of  truth. 
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withoat  having  any  root  whatever.     Perhaps  I  may  cite  one  in- 
stance of  this  last  from  my  own  experience. 

Aboat  ten  years  ago  it  was  generally  believed  that  the  earth's 
atmosphere  acted  exactly  the  part  of  the  glass  in  a  hotbed,  and  that 
it  kept  the  planet  warm  by  exerting  a  specially  powerful  absorption 
on  all  infra-red  rays.  I  had  been  trained  in  the  orthodox  scien- 
tific church,  of  which  I  am  happy  to  be  still  a  member ;  but  I  had 
acquired  perhaps  an  almost  undue  respect,  not  only  for  her  doc- 
trines, but  for  her  least  sayings.  Accordingly,  when  my  own  ex- 
periments did  not  agree  with  the  received  statement,  I  cond  uded 
that  my  experiments  must  be  wrong,  and  made  them  all  over  again, 
till  spring,  summer,  autumn  and  winter  had  passed,  each  season 
giving  its  own  testimony ;  and  this  for  successive  years.  The  fina. 
conclusion  was  irresistible,  that  the  universal  statement  of  this  al  _ 
leged  well-known  fact,  inexplicable  as  this  might  seem,  in  so  sim. 
pie  a  matter,  was  directly  contradicted  by  experiment.  I  had  some 
natural  curiosity  to  find  how  every  one  knew  this  to  be  a  fact ;  but 
search  only  showed  the  same  statement  (that  the  earth's  atmos- 
phere absorbed  dark  heat  like  glass)  repeated  everywhere,  with 
absolutely  nowhere  any  observation  or  evidence  whatever  to  prove 
it,  but  each  writer  quoting  from  an  earlier  one,  till  I  was  almost 
ready  to  believe  it  a  dogma  superior  to  reason,  and  resting  on  the 
well-known  ^^  Quod  semper^  quod  ubique^  quod  ab  omnibus^  creditum 
esL"  Finally  I  appear  to  have  found  its  80ui*ce  in  the  writings  of 
Fourier,  who,  alluding  to  De  Saussure*s  experiments  (which  showed 
that  dark  heat  passed  with  comparative  diflSculty  through  glass), 
observes  that  if  the  earth's  atmosphere  were  solid,  it  would  act  as 
the  glass  does.  Fourier  simply  takes  this  (in  which  he  is  wrong) 
for  granted ;  but,  as  he  is  an  authority  on  the  theory  of  heat,  his 
words  are  repeated  without  criticism,  first  by  Poisson,  then  by 
others,  and  then  in  the  text-books ;  and,  the  statement  gaining 
weight  by  age,  it  comes  to  be  believed  absolutely,  on  no  evidence 
whatever,  for  the  next  sixty  years,  that  our  atmosphere  is  a  power- 
ful absorber  of  precisely  those  rays  which  it  most  freely  transmits. 

The  question  of  fact  here,  though  important,  is,  I  think,  quite 
secondary  to  the  query  it  raises  as  to  the  possible  unsuspected  in- 
fluence of  mere  tradition  in  science,  when  we  do  not  recognize  it 
as  such.  Now,  members  of  any  church  are  doubtless  consistent  in 
believing  in  traditions,  if  they  believe  that  these  are  presented  to 


8.   P.    LANGLBT.  21 

them  by  an  infallible  guide ;  but  are  we,  who  have  no  infallible 
guide,  quite  safe  in  believing  all  we  do,  from  our  fond  persuasion 
that  in  the  scientific  body  mere  tradition  has  no  weight? 

In  even  this  brief  sketch  of  the  growth  of  the  doctrine  of  radiant 
energy,  we  have  perhaps  seen  that  the  history  of  the  progress  of 
this  department  of  science  is  little  else  than  a  chapter  in  that  larger 
history  of  human  error  which  is  still  to  be  written,  and  which,  it  is 
safe  to  say,  would  include  illustrations  from  other  branches  of  sci- 
ence, as  well  as  my  own.  But — and  here  I  ask  pardon  if  I  speak 
of  myself —  I  have  been  led  to  review  the  labors  of  other  searchers 
from  this  standpoint,  because  I  had  first  learned,  out  of  personal 
experience,  that  the  greatest  care  was  no  certain  guaranty  of  final 
accuracy ;  thatrto  labor  in  the  search  for  a  truth  with  such  endless 
pains  as  a  man  might  bestow  if  his  own  salvation  were  in  question, 
did  not  necessarily  bring  the  truth ;  and  because,  seeking  to  see 
whether  this  were  the  lot  of  other  and  greater  men,  I  have  found 
that  it  was,  and  that,  though  no  one  was  altogether  forsaken  of  the 
truth  he  sought,  or  on  the  whole  review  of  his  life  as  a  seeker, 
but  might  believe  he  had  advanced  her  cause,  yet,  when  after  long 
waiting,  he  saw  once  more  what  seemed  her  beautiful  face,  there 
was  no  absolute  certainty  that  this  might  not  be  the  mockery  of 
error ;  and,  doubtless,  appeal  might  be  made  to  the  experience  of 
many  investigators  here  with  the  question,  ''Is  it  not  so?" 

What  then  ?  Shall  we  admit  that  truth  is  only  to  be  surely  found 
under  the  guidance  of  an  infallible  church?  If  there  be  such  a 
church,  yes !  Let  us,  however,  remember  that  the  church  of  science 
is  not  such  a  one,  and  be  ready  to  face  all  the  consequences  of  the 
knowledge  that  her  truths  are  put  forward  by  her  as  provisional 
only,  and  that  her  most  faithful  children  are  welcome  to  disprove 
them. 

What  then,  again?  Shall  we  say  that  the  knowledge  of  truth  is 
not  advancing?  It  is  advancing,  and  never  so  fast  as  to-day ;  but 
the  steps  of  its  advance  are  set  on  past  errors,  and  the  new  truths 
become  such  stepping-stones  in  turn. 

To  say  that  what  are  truths  to  one  generation  are  errors  to  the 
next,  or  that  truth  and  error  are  but  different  aspects  of  the  same 
thing  to  our  poor  human  nature,  may  be  to  utter  truisms ;  but  tru- 
isms  which  one  has  verified  for  one's  self  out  of  a  personal  experi- 
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ence  are  apt  to  have  a  special  value  to  the  owner ;  and  these  lead,  at 
any  rate,  to  the  natural  question,  '^  Where  is,  then,  the  evidence 
that  we  are  advancing  in  reality,  and  not  in  our  own  imagination?" 

There  are  many  here  who  will  no  doubt  heartily  subscribe  to  the 
belief  that  there  is  no  absolute  criterion  of  truth  for  the  individnal, 
and  admit  that  there  is  no  positive  guaranty  that  we,  with  this 
whole  generation  of  scientific  men,  may  not,  like  our  predecessors, 
at  times  go  the  wrong  way  in  a  body,  yet  wlio  believe  as  certainly 
that  science  as  a  whole,  and  this  branch  of  it  in  particular,  is  act- 
ually advancing  with  hitherto  unknown  rapidity.  In  asking  to  be 
included  in  this  number,  let  me  add  that  to  me  the  criterion  of  this 
advance  is  not  in  any  ratiocination,  not  in  any  a  priori  truth,  still 
less  in  the  dictum  of  any  authority,  but  in  the  undoubted  observa- 
tion that  our  doctrine  of  radiant  energy  is  reaching  out  in  every 
direction,  and  proving  itself  by  the  equally  undoubted  fact  that 
through  its  aid  nature  obeys  us  more  and  more ;  proving  itself  by 
such  material  evidence  as  is  found  in  the  electric  lights  in  our 
streets,  and  in  a  thousand  such  ways  which  I  need  not  pause  to 
enumerate. 

And  here  I  might  end,  hoping  that  there  may  be  some  lessons 
for  us  in  the  history  of  what  has  been  said.  I  will  venture  to  ask 
attention  to  but  one.  It  is  that  in  these  days,  when  the  advantage  of 
organization  is  so  fully  recognized,  when  there  is  a  well-founded 
hope  that  by  cooperation  among  scientific  men  knowledge  may  be 
more  rapidly  increased,  and  when  not  only  in  the  great  scientific 
departments  of  government  but  everywhere,  there  is  a  tendency  to 
the  formation  of  the  divisions  of  a  sort  of  scientific  army,  not  to 
say  of  a  scientific  church  —  that  at  such  a  time  we  should  yet 
remember,  that,  however  rapidly  science  changes,  human  nature 
remains  much  the  same ;  and  (while  we  are  uttering  truisms)  let 
us  venture  to  repeat  that  there  is  a  very  great  deal  of  this  ^^  human 
nature  "  even  in  the  scientific  man,  whose  best  type  is  one  nearly 
as  independent  as  nature  itself,  and  one  which  will  not  always  work 
best  at  the  word  of  command.  Let  him  then  never  forget  that  the 
history  of  science,  scarcely  less  than  of  theology,  warns  him  of  the 
tendency  of  authority  to  exceed  its  proper  sphere,  and  from  with- 
out it,  to  define  belief,  and  to  impose  obedience  to  doctrine. 

Finally,  if,  turning  to  the  future,  I  were  asked  what  I  thought 
were  the  next  great  steps  to  be  taken  in  the  study  of  radiant  heat, 
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I  should  feel  anwilling  to  attempt  to  look  more  than  a  very  little 
way  in  advance.  Immediately  before  us,  however,  there  is  one 
great  problem  waiting  solution.  I  mean  the  relation  between  tem- 
perature and  radiation  ;  for  we  know  almost  nothing  of  this,  where 
knowledge  would  give  new  insight  into  almost  every  operation  of 
nature  (nearly  every  one  of  which  is  accompanied  b}'  the  radiation 
or  reception  of  heat),  and  would  enable  us  to  answer  inquiries  now 
put  to  physicists  in  vain  by  every  department  of  science,  from  that 
of  the  naturalist  as  to  the  enigma  of  the  brief  radiation  of  the  glow- 
worm, to  that  of  the  geologist  who  asks  as  to  the  number  of  mil- 
lion years  required  for  the  cooling  of  a  world. 

When,  however,  we  begin  to  go  beyond  the  points  which  seem, 
like  this,  to  invite  our  very  next  steps  in  advance,  we  cannot  ven- 
ture to  prophesy,  and  must  content  ourselves  with  the  knowledge 
that  through  our  study  we  are  beginning  to  apprehend  the  full  mean- 
ing of  one  of  the  early  great  ones  of  science,  who  described  man  as 
the  meeting  point  of  two  infinities.  That  there  is  an  infinity  of 
space  above  him,  man  has  long  known,  but  that  there  is  another 
absolute  infinity,  and  the  possibilities  which  lie  in  the  infinitesi- 
mals of  space,  he  is  but  beginning  to  realize.  The  secular  move- 
ments, whose  accomplishment  demands  more  than  a  million  years 
of  time,  he  has  already  considered  ;  but  of  the  consequences  which 
may  result  from  a  more  careful  study  of  actions  occurring  in  the 
infinitesimals  of  time,  and  whose  whole  duration  may  be  far  less 
than  the  millionth  of  a  second,  he  has  hardly  even  yet  begun  to 
think ;  and  these  are  but  little  portions  of  the  ungarnered  field  of 
research,  open  to  the  student  of  that  radiant  energy  which  sustains, 
with  our  own  being,  that  of  all  animated  nature,  of  which  human- 
ity is  but  a  part. 

If  there  be  any  students  of  nature  here,  who,  feeling  drawn  to 
labor  in  this  great  field  of  hers,  still  doubt  whether  there  is  yet 
room,  surely  it  may  be  said  to  them,  ^^Yes,  just  as  much  room  as 
ever,  as  much  room  as  the  whole  earth  offered  to  the  first  man ;" 
for  everything  that  has  been  done  in  the  past  is,  I  believe,  as  noth- 
ing to  what  remains  before  us,  and  that  field  is  simply  unbounded. 
The  days  of  hardest  trial  and  incessant  bewildering  error  in  which 
your  elders  have  wrought,  seem  over.  You  ^^  in  happier  ages 
born,"  you  of  the  younger  and  the  coming  race,  who  have  a  mind 
to  enter  in  and  possess  it,  may,  as  the  last  word  here,  be  bidden  to 
indulge  in  an  equally  unbounded  hope. 
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Report  of  the  Committek  on  Indexing  Chemical  Literature. 

The  Committee  on  Indexing  Chemical  Literature  respectfully 
presents  to  the  Chemical  Section  its  sixth  annual  report. 

By  the  liberality  of  the  Association  the  Committee  secured  500 
copies  of  the  report  for  1887,  and  these  were  distributed  through 
the  Secretaries  of  the  American  Chemical  Society,  the  London 
Chemical  Society,  and  the  Washington  Chemical  Society,  and  di- 
rectly by  the  Chairman  of  the  Committee. 

The  Provisional  List  of  Abbreviations  of  Titles  of  Chemical 
Journals,  which  formed  Appendix  B  to  the  Report,  was  received 
by  chemists  with  general  approbation,  and  was  reprinted  in  the 
Proceedings  of  the  American  Association  for  the  Advancement  ot 
Science,  Chemical  News  (London),  American  Chemical  Journal 
(Baltimore),  Journal  of  Analytical  Chemistry  (Easton),  Journal 
of  the  American  Chemical  Society  (New  York),  and  was  favorably 
noticed  in  the  American  Journal  of  Science  (New  Haven)  ;  tliis 
practically  ensures  its  adoption. 

During  the  year  Just  closed,  the  Index  to  the  Literature  of  the 
Spectroscope  by  Dr.  Alfred  Tuckerman  has  been  printed  by  the 
Smithsonian  Institution.  This  forms  a  work  of  about  400  pages, 
and  contains  3,829  titles  by  799  authors. 

The  Table  of  Specific  Gravities  for  Solids  and  Liquids  by  Prof. 
F.  W.  Clarke  is  now  in  the  compositor's  hands  and  will  soon  be 
published  by  the  Smithsonian  Institution.  This  work  is  really  a 
new  and  completely  revised  edition  of  Part  I  of  the  original  '^  Con- 
stants of  Nature." 

An  Index  to  the  Literature  of  Columbium  by  Prof.  Frank  W. 
Traphagen  has  been  completed  and  accepted  by  the  Committee. 
Its  publication  has  been  undertaken  by  the  Smithsonian  Institu- 
tion. 

Dr.  H.  C.  Bolton  has  compiled  a  Bibliography  of  Chemistry  for 
1887,  the  publication  of  which  has  been  begun  by  the  Smithson- 
ian Institution. 
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Several  chemists  project  indexes  and  have  made  more  or  less 
progress  on  them.  Mr.  Arthur  A.  Noj^es  is  engaged  on  an  Index 
to  the  Literature  of  Ethylene ;  Prof.  William  P.  Mason  volunteers 
to  index  Methane ;  Mr.  William  Rupp  undertakes  to  index  Caesium 
and  Rubidium ;  Professor  Traphagen  plans  to  index  Tantalum ; 
Dr.  H.  C.  Bolton  has  in  preparation  a  Bibliography  of  the  History 
of  Chemistry  including  Biography  and  Bibliography ;  and  Dr.  Al- 
fred Tuckerman  is  engaged  in  indexing  the  literature  to  Thermo- 
dynamics. 

Several  bibliographies  merit  brief  mention ;  Dr.  Jesse  P.  Bat- 
tershall's  Food  Adulteration  and  its  Detection  (New  York,  1887), 
contains  an  Appendix  with  the  title : —  ^^  Bibliogt*aphy  including 
Periodicals,  Reports  and  General  Works  chronologically  arranged." 
This  includes  about  275  titles.  The  Second  Annual  Report  of  the 
N.  Y.  State  Dairy  Commissioner  (1886)  contains  a  Bibliography 
of  Milk  by  Mr.  Edward  W.  Martin  (pp.  156-170),  and  a  Bibliog- 
raphy of  Butter,  adulterations,  testing,  etc.,  by  Prof.  Elwyn  Waller 
assisted  by  E.  W.  Martin  and  otliers(pp.  283-290). 

Professor  Wm.  H.  Seaman  calls  the  attention  of  the  Committee 
to  several  lists  of  United  States  Patents  which  relate  more  or  less 
to  applied  chemistry.  These  lists  on  subjects  indicated  by  their 
titles  are  found  in  the  following  works :  Charles  Thomas  Davis, 
Manufacture  of  Leather ;  the  same.  Practical  Ti*eatise  on  the  man- 
ufacture of  Bricks,  Tiles  and  Terra  Cotta ;  the  same.  Treatise  on 
Steam  Boiler  Incrustations ;  the  same.  Practical  Treatise  on  the 
Manufacture  of  paper ;  Wm.  T.  Brannt,  Treatise  on  Animal  and 
Vegetable  Fats  and  Oils.  These  are  all  published  in  Philadelphia, 
1884-1887. 

B.  Tollens*  Handbuch  der  Kohlenhydrate,  Breslau,  1888,  con- 
tains about  1500  references  to  the  literature  of  carbohydrates. 

Dr.  Albert  Brown  Lyons  publishes  in  the  Pharmaceutical  Era, 
under  the  title  ^^  Index  Pharmaceuticus, "  a  monthly  list  of  books 
on  pharmacy,  chemistry  and  materia  medica,  as  well  as  a  list  of 
original  papers  on  these  topics  published  in  journals. 

At  the  meeting  of  the  British  Association  for  the  Advancement 
of  Science  held  in  1886,  a  Committee  was  appointed  for  the  pur- 
pose of  reporting  on  the  Bibliography  of  Solution.  This  Commit- 
tee consists  of  Professors  Tilden,  McLeod,  Pickering,  Ramsay, 
Young,  A.  R.  Leeds  and  Nicol  (secretary),  and  presented  its  first 
report  in  1887.    This  report  sets  forth  the  classification  adopted, 
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the  list  of  joarnals  (thirty-four  in  number)  desirable  to  index,  and 
a  summary  of  work  accomplished.  From  this  summary  it  appears 
that  S55  titles  have  been  catalogued  from  588  volumes  of  eleven 
different  periodicals.  The  Committee  of  the  B.  A.  recommends  as 
members  of  the  Committee  other  gentlemen  who  have  access  to  the 
journals  on  the  list  and  who  would  be  willing  to  take  an  active 
share  in  the  work. 

The  Committee  of  the  American  Association  expresses  its  grat- 
ification that  the  work  begun  by  them  in  1882  is  now  being  supple- 
mented by  chemists  in  Great  Britain. 

Persons  desiring  copies  of  reports,  indexes  and  other  information 
should  address  the  chairman,  care  of  the  Smithsonian  Institution, 
Washington. 

H.  Carrington  BoLTOiT,  Chairman. 

F.  W.  Clarke, 

Albert  R.  Leeds, 

Alexis  A.  Julien, 

John  W.  Langlet, 

Samuel  H.  Sgudder, 

Chas.  K.  We  ad, 

Committee. 


Kkpobt  of  the  Committeb  on  Fhtsics-tkachino. 

At  the  Philadelphia  meeting  of  the  Association  in  1884,  the  un* 
dersigned  were  appointed  a  committee  to  consider  and  report  upon 
the  subject  of  Physics-teaching. 

Brief  reports  of  progress  were  made  at  the  various  meetings 
since  that  date,  but  it  is  only  within  the  past  year  that  the  com- 
mittee has  been  able  to  formulate  and  agree  upon  a  final  report 
which  it  now  offers  to  the  Association  through  the  Council,  at  the 
same  time  respectfully  requesting  that  it  be  discharged. 

Before  entering  upon  the  consideration  of  the  report,  it  seems 
proper  to  refer  to  some  of  the  causes  which  have  led  to  so  long  a 
delay  in  its  preparation.  Shortly  after  the  appointment  of  your 
committee,  consultation  and  correspondence  with  persons  inter- 
ested in  the  subject  developed  the  great  desirability  of  securing,  if 
possible,  the  cooperation  of  the  National  Educational  Association, 
many  of  the  members  of  which  were  more  deeply  interested  if 
possible,  in  certain  phases  of  the  subject  to  be  considered,  than  the 
members  of  our  own  body.  In  accordance  with  this  idea  the  coun- 
cil of  that  association,  at  its  meeting  in  1885,  appointed  a  commit- 
tee on  Physics-teaching,  consisting  of  Charles  E.  Wead,  LeRoy 
C.  Cooley,  W.  LeConte  Stevens,  W.  F.  Bradbury  and  James  H. 
Baker. 

This  committee  was  not  appointed  for  the  specific  purpose  of 
cooperating  with  that  of  the  A.  A.  A.  S.  in  the  preparation  of  a 
joint  report,  but  an  effort  was  made  by  the  respective  chairmen  to 
secure  a  Joint  meeting  of  the  two  committees  for  this  purpose. 

This  effort  failed  on  account  of  the  wide  geographical  distribu- 
tion of  the  members.  The  committee  of  the  National  Educational 
Association  prepared  its  report,  however,  and  it  was  presented  at 
the  meeting  of  that  body  in  1887.  It  is  probably  well  known  to 
those  who  have  especially  interested  themselves  in  this  matter. 
(28) 


REPORTS  OF  COMMITTEES.  29 

An  attempt  was  made  to  secure  a  meeting  of  your  committee  at 
Buffalo  during  the  meeting  of  the  Association  in  that  city  in  18^6. 
A  majority  of  the  committee  was  present  and  an  informal  discus- 
sion of  the  subject  was  had,  but  it  was  thought  best  to  defer  any 
report  until  a  full  meeting  could  be  held. 

Accordingly  a  meeting  was  called  at  Washington,  D.  C,  in  De- 
cember, 1887,  and  at  this  meeting,  the  first  session  of  which  was  on 
December  24,  all  of  the  members  of  the  committee  were  present 
except  Professor  Trowbridge,  who  found  it  impossible  to  attend. 

At  this  meeting  the  subject  was  fully  discussed  and  it  was  found 
that  the  members  present  were  substantially  in  agreement  as  to  the 
principal  questions  involved. 

In  presenting  the  conclusions  reached  it  is  not  thought  to  be 
necessary  or  desirable  to  insist  upon  the  importance  of  the  study 
of  physics  or  to  offer  arguments  in  favor  of  its  introduction.  This 
ground  has  been  gone  over  so  often  and  so  thoroughly  within  the 
past  decade  that  further  discussion  seems  unnecessary. 

As  a  matter  of  fact  it  may  be  said  that  nearly  everything  which 
can  be  justly  claimed  is  now  nearly  everywhere  admitted.  Neither 
has  it  been  thought  necessary  to  go  into  detail  as  to  methods  of 
instruction. 

The  publication  in  the  English  language  within  a  fewyears,  of  sev- 
eral excellent  text-books  of  physics  and  a  few  laboratory  guides  of 
a  high  order  of  merit,  together  with  a  considerable  advance  in  real 
scholarship  among  teachers,  makes  it  possible  to  use  the  phrases 
"text-book  work,"  "lecture  work"  and  "laboratory  practice"  with  a 
fair  chance  of  being  understood  ;  yet  it  may  be  well  to  remark  that 
where  the  latter  is  referred  to,  something  very  different  from  mere 
illustrative  experimentation  is  meant,  it  being  the  opinion  of  the 
committee  that  the  work  in  the  laboratory  should  be  quantitative 
rather  than  qualitative  and  always  of  as  high  a  degree  of  precision 
as  is  possible  with  the  appliances  available. 

In  order  to  give  definiteness  to  its  conclusions  the  committee 
undertook  to  answer  the  following  questions : — 

1.  In  what  grade  of  the  public  school  should  physics-teaching 
begin  ? 

2.  What  should  be  the  character  of  this  first  instruction  ?  oral? 
by  text-book?  by  laboratory  methods?  etc. 

3.  What  should  be  the  character  of  the  physics^teaching  in  the 
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high  school?  text-book?  laboratory?  text-book  followed  by  labo- 
ratory? laboratory  followed  by  text-book?  or  laboratory  and  text- 
book combined  ? 

4.  What  knowledge  of  physics  should  be  required  for  admission 
to  college? 

5.  What  should  be  the  minimum  course  in  physics  for  under- 
graduate students  and  what  should  be  the  nature  of  this  course? 

In  answering  these  questions  the  needs  of  special  students,  or 
the  requirements  of  scientific  and  technical  schools  and  courses 
have  not  been  considered.  It  may  be  fairly  assumed  that  such 
students  and  courses  and  schools  will  take  care  of  themselves. 

The  conclusions  reached  have  reference  only  to  the  minimum 
training  allowable  in  a  course  of  study  so  adjusted  as  to  give  the 
student  what  we  may  continue  to  call,  for  want  of  a  better  name,  *'a 
liberal  education.*' 

1.  In  answer  to  the  first  question,  it  is  the  opinion  of  the  com- 
mittee that  instruction  in  physics  may  begin,  with  profit,  in  what  is 
generally  known  as  the  ^'grammar  sc^hool."  At  the  same  time  it  is 
decidedly  opposed  to  any  general  recommendation  that  it  must  be- 
gin there  or  in  the  primary  school.  Here,  perhaps  more  than  any- 
where else,  nearly  everything  depends  on  the  teacher.  One  who 
has  a  strong  liking  for  and  a  good  knowledge  of  physics  will  be 
tolerably  certain  to  succeed,  while  another  not  thus  equipped  for 
the  work  is  equally  certain  to  fail.  Teachers  belonging  to  the  first 
class  constitute  an  extremely  small  percentage  of  the  grand  total. 
In  science-teaching  in  grades  below  the  high  school,  much  should 
be  left  to  the  individuality  of  the  teacher.  As  a  result  of  personal 
taste  or  previous  training  and  study,  one  may  give  elementary  in- 
struction in  botany,  or  in  geology  or  in  physiology  so  as  to  be  a 
real  inspiration  to  his  class,  while  his  instruction  in  physics  might 
be  so  intolerably  poor  as  to  be  unprofitable  in  the  highest  degree. 
The  prevailing  custom  of  many  public  schools  which  requires  all 
teachers  of  a  certain  grade  to  teach  physics  is  greatly  to  be  re- 
gretted and  eveiy  effort  should  be  made  to  show  school  superin- 
tendents that  it  is  a  mistake  which  cannot  be  too  quickly  remedied. 

The  rapid  advancement  which  is  constantly  being  made  in  real 
scholarship  among  public  school  teachers  will  result  in  an  increased 
and  increasing  number  of  those  who  are  competent  to  teach  phys- 
ics ;  and  while  the  committee  is  convinced  that,  as  a  means  of  real, 
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honest,  mental  discipline,  no  branch  of  natural  science  is  superior 
to  physics,  it  would  deprecate  its  forced  introduction  into  the 
grammar  school  under  circumstances  likely  to  prove  disastrous  to 
the  best  interests  of  the  science. 

2.  When  taught  in  the  grammar  school,  and  by  a  competent 
teacher,  it  should  be  done  mainly  by  and  through  illustrative  ex- 
periments. 

These  may  be  of  the  simplest  character,  involving  and  exhibiting 
some  of  the  fundamental  principles  of  the  science,  and  they  should 
generally  be  made  by  the  teacher,  the  pupil  being  encouraged  to 
repeat,  to  vary  and  to  extend.  Habits  of  observation  and  of 
thought  should  be  cultivated  and  such  facts  of  the  science  as  are 
based  on  or  relate  to  the  principles  illustrated  and  developed  should 
be  presented.  It  is  neither  desirable  nor  necessary  that  any  par- 
ticular order  should  be  followed  in  presenting  the  various  divisions 
of  the  subject.  The  teacher  should  be  guided  by  circumstances, 
such  as  the  means  at  his  disposal  for  experiment  and  illustration, 
and  often  by  his  own  taste  and  predilection. 

The  ease  with  which  apparatus  for  the  illustration  of  the  most 
imi^drtant  principles  of  physics  can  be  improvised,  even  when  the 
stock  of  materials  at  hand  is  very  slender,  puts  the  science  in  the 
front  rank  as  to  availability,  and  it  is  especially  adapted  to  the 
requirements  of  certain  schools  both  in  town  and  country  which, 
through  their  situation  and  surroundings,  are  restricted  in  their 
choice  of  a  science  subject.  If  to  these  facts  we  add  another, 
which  is  universally  admitted,  that  the  physical  properties  of  mat- 
ter are  the  first  to  be  recognized,  the  laws  relating  to  which  being, 
therefore,  the  first  to  arrest  attention,  it  needs  no  argument  to 
show  that  a  competent  instructor  will  find  the  study  of  physics 
one  of  the  most  important  educational  forces,  even  in  the  grammar 
school. 

3.  In  any  discussion  of  the  character  of  instruction  in  physics 
in  the  high  school,  one  fact  of  the  utmost  importance  must  not  be 
lost  sight  of.  It  is  that  a  large  majority  of  the  young  people  who 
are  educated  in  the  public  schools  receive  their  final  scholastic  train- 
ing in  the  high  school. 

Its  course  of  study  must  be  in  harmony  with  this  fact,  such  pro- 
vision as  may  be  made  for  those  who  continue  their  studies  in  col- 
lege or  university,  being  merely  incidental. 
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The  high  school  course  in  physics  mast  include  therefore  a  gen- 
eral treatment,  which  must  of  necessity  be  elementary  in  its  char- 
acter, of  all  the  great  divisions  of  the  science. 

It  is  likewise  important  that  the  student  should  be  made  ac- 
quainted, if  only  to  a  limited  extent,  with  the  methods  of  physical 
investigation  and  that  he  should  be  able  himself  to  plan  and  cany 
oat  an  attack  upon  some  of  the  simpler  problems  of  the  science. 
The  value  of  this  work  as  an  educational  factor  cannot  be  overes- 
timated ;  it  is  the  ^'walking  alone"  of  intellectual  infancy. 

It  is  believed  that  these  two  very  desirable  ends  can  be  reached 
without  giving  an  undue  share  of  the  time  and  energy  of  the  pupil 
to  the  subject.  Assuming  the  high  school  course  to  consist  of 
four  years  of  three  terms  each,  it  is  I'ecommended  that  the  study  of 
physics  should  begin  not  earlier  than  with  the  third  year ;  that  it 
should  continue  through  one  year,  three  hours  a  week  being  de- 
voted to  it,  not  including  the  time  necessary  for  the  preparation 
of  the  lesson ;  and  that  during  the  first  two  terms  the  work  should 
be  text-book  work,  accompanied  by  illustrative  experiments  per- 
formed by  the  instructor  and  made  as  complete  as  his  facilities 
will  allow,  while  the  last  term  should  be  devoted  to  simple  labora- 
tory exercises.  It  is  hardly  necessary  to  say  that  during  the  last 
term  the  three  hours  per  week  should  be  grouped  into  one  exercise 
whenever  possible. 

Of  the  character  of  this  laboratory  practice  it  maybe  well  to  say 
that  no  attempt  should  be  made  to  carry  the  pupil  through  a  very 
great  range  of  subjects.  The  end  sought  for  can  best  be  reached 
by  a  careful  and  more  exhaustive  study  of  a  few  problems  which 
should  be  solved  with  the  highest  degree  of  accuracy  attainable 
under  the  circumstances.  As  far  as  possible  the  pupil  should  be 
led  to  read  and  study  books  and  papers  bearing  upon  the  particular 
subject  which  he  has  in  hand.  The  time  demanded  by  this  plan, 
three  hours  per  week  for  one  school  year,  barely  more  than  a  hun- 
dred hours  in  all,  is  thought  to  be  the  least  which  is  likely  to  pro- 
duce results  at  all  satisfactory,  and  it  is  urged  that  a  vastly  better 
arrangement  is  to  allow  the  study  of  physics  to  run  through  two 
school  years,  giving  it  in  time,  the  equivalent  of  five  hours  per 
week  for  one  year. 

It  is  well  known  that  many  teachers  of  physics,  and  many  more 
who  are  not  teachers  of  physics,  insist  on  the  introduction  of  lab- 
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oratory  practice  from  the  beginning,  some  even  going  so  far  as 
to  claim  that  the  use  of  the  text-book  may  be  entirely  dispensed 
with.  Without  desiring  to  enter  into  a  discussion  of  this  ques- 
tion, we  wish  to  express,  and  with  emphasis,  our  belief  that  labo- 
ratory practice  is  in  general  of  little  real  use  to  the  student  unless 
he  comes  to  it  fairly  well  grounded  in  the  fundamental  principles 
of  the  science.  The  somewhat  widespread  opinion  and  practice,  to 
the  contrary,  will  be  found,  it  is  thought,  to  be  one  of  those  mis- 
takes in  which  pedagogics  seems  to  be  caught  on  the  rebound  from 
other  and  generally  more  serious  errors. 

4.  As  to  the  requirements  in  physics  for  admission  to  college,  it 
is  sufficient  to  say  that  the  course  indicated  above  should  be  re- 
quired for  admission  to  any  and  all  courses  in  the  college. 

5.  In  reference  to  the  minimum  course  in  physics  for  under- 
graduate students  in  the  college,  it  seems  important  to  avoid  the 
mistake  of  asking  too  much. 

In  many  institutions,  and  especially  where  the  elective  system 
largely  prevails,  it  is  possible  at  present  for  students  to  receive  a 
degree  and  yet  be  almost  absolutely  ignorant  of  the  principles  of 
physics.  It  is  the  judgment  of  the  Committee  that  a  knowledge 
of  this  subject  constitutes  one  of  the  necessary  and  essential  ele- 
ments of  a  liberal  education,  and  a  minimum  course  of  three  hours 
per  week  for  one  year  is  recommended.  What  is  usually  known 
as  the  junior  year  is  most  desirable  for  this  work,  as  at  that  time 
the  student  is  sufficiently  mature  and  has  acquired  the  necessary 
training  in  mathematics  to  enable  him  to  make  the  best  of  what 
he  does.  It  is  recommended  that  this  course  consist  entirely  of 
text-book  and  recitation  work,  with  lectures  fully  and  completely 
illustrated  on  the  professor's  table. 

It  may  possibly  excite  surprise  that  laboratory  practice  is  omit- 
ted, but  it  will  be  remembered  that  this  is  a  minimum  course,  in 
which  it  IS  not  believed  that  the  laboratory  can  be  made  to  play  a 
useful  part.  Whenever  it  is  possible  to  increase  the  time  devoted 
to  the  subject,  this  course  may  be  and  will  be  followed  by  a  series 
of  laboratory  exercises.  The  nature  of  these  must  depend  almost 
entirely  on  the  skill  and  judgment  of  the  professor  in  charge  and 
on  the  facilities  which  he  is  able  to  command. 

In  any  event  it  should  be  his  aim  to  attend  rather  to  quality  than 
to  quantity  of  work,  and  it  should  not  be  considered  necessary  for 

A.  A.  A.  B.  VOL.  XXXVn.  8 


84  BBP0ST8  OF  OOXMIITSBS. 

each  student  to  work  in  or  even  to  toach  aS  of  the  gcest  divisions 
of  the  subject. 

In  conclusion,  your  committee  believes  that  whenever  the  Asso- 
ciation speaks  and  in  whatever  it  may  say  upon  a  subject  so  im- 
portant as  that  under  consideration,  it  should  be  governed  by  a 
wise  conservatism,  and  that  it  should  keep  always  in  view  the  fact 
that  when  its  suggestions  and  recommendations  are  in  the  real  in- 
terests of  the  school  and  the  college  they  are  certain  to  be  in  the 
line  of  the  advancement  of  science. 

T.  C.  Mendkhhaix,  Chairman^ 
Wic.  A.  Ahthont, 
H.  S.  Carhabt, 
F.  H.  Smith, 

CommiUee. 


Bbpobt  of  the  Committee  on  the  Freservatiok  of  Archa- 
OLOGio  Remains  on  the  Public  Lands. 

The  Committee  to  memorialize  Congress  for  the  preservation  of 
Archaeolc^c  remains  opon  the  Public  Domain  has  the  honor  to  re- 
port as  follows : — 

After  consultation  it  was  agreed  that  it  would  be  well  if  the  fol- 
lowing remains  of  early  America  could  be  preserved : — 

Chaco  Canon,  from  the  forks  of  Escavada  canon  for  a  distance 
of  eight  miles  up ;  also  one  mile  back  fh>m  the  brink  of  the  canon 
walls  on  each  side  so  as  to  Include  many  interesting  structures 
thereon. 

Canon  DeChelly;  Canon  Del  Muerto;  Walnut  Canon;  The 
Bnin  on  Fossil  Creek,  an  east  branch  of  the  Bio  Verde,  and  about 
fifbeen  miles  south  of  Camp  Verde  Military  reservation ;  Buins  in 
Mancos  Canon ;  the  Bound  Towers  situated  on  the  flat  valleys  of 
the  lower  Mancos. 

The  Cavate  Lodges  in  the  cinder  cone,  about  eight  miles  east  of 
Flagstaff,  Arizona.  Beside  these  groups  of  ruins,  and  dwellings, 
there  are  isolated  remains  in  the  territories  of  New  Mexico,  Arizona 
and  Utah,  numbering  over  forty,  which  demand  preservation. 

The  Pueblos,  which  are  not  on  treaty  reservations,  or  grants ; 
and  the  old  Mandan  and  Arickaree  village  on  the  Fort  Berthold 
Lidian  reservation,  Dakota  Territory,  to  be  preserved,  when  they 
shall  cease  to  be  inhabited  by  the  Indians.  Also  certain  burial 
and  village  sites  in  Alaska. 

Although  every  courtesy  and  assistance  was  rendered  the  Com- 
mittee by  the  Geological  Survey,  it  was  found  that  field  work 
would  be  required  in  every  case  but  one,  in  order  properly  to  des- 
ignate the  exact  acreage  needfhl  to  be  set  aside  by  Congress  for  the 
effectual  protection  of  each  ruin  or  group  of  ruins.  This  field  work 
would  require  time,  possibly  two  seasons,  and  involve  expense. 
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In  order  to  meet  this  difficulty  and  to  inaugurate  the  precedent  of 
preserving  archseologic  remains  upon  the  Public  Domain,  it  was 
thought  best  to  prepare  a  bill,  which  should  reserve  the  one  tract, 
the  boundaries  of  which  were  already  ascertained,  and  to  direct  a 
report  upon  other  tracts  needful  for  the  preservation  of  archseologic 
remains  to  be  made  in  the  future  to  Congress  by  the  Director  of  the 
Geological  Survey.  Heretofore  there  has  been  but  one  instance  of 
legislation  for  the  protection  of  the  monuments  of  ancient  America, 
that  of  the  Legislature  of  Ohio,  in  reference  to  the  Serpent  Mound 
in  that  State.  This  relic  including  a  tract  of  seventy  acres  has 
been  bought  and  placed  in  the  charge  of  the  Trustees  of  the  Pea- 
body  Museum  of  American  Archaeology  and  Ethnology  of  Harvard 
University,  Mass. ;  and  to  Frederick  W.  Putnam,  its  curator,  and 
Professor  of  American  Archaeology,  is  due  the  honor  of  making  this 
first  movement  in  behalf  of  American  Archseologic  culture. 

The  tract  of  land  with  ascertained  boundaries,  which  Con- 
gress  is  asked  to  reserve,  is  situated  on  the  Rio  Grande,  west  of 
Sante  F6,  New  Mexico.  It  contains  groups  of  cavate  dwellings 
cut  in  the  tufa,  which  show  three  distinct  ages  of  occupancy :  the 
two  earlier  ones  dating  back  to  an  unknown  period ;  the  latest,  it 
is  thought,  took  place  during  the  Spanish  Wars  of  the  sixteenth 
and  seventeenth  centuries.  Upon  the  top  of  the  walls  of  the  can- 
ons, stone  pueblos  were  erected;  these,  however,  have  mostly 
fallen  to  ruins.  The  entire  group  is  an  interesting  series  of  dwell- 
ings, both  excavated  and  built,  and  is  well  worth  preservation 
and  study.  Your  committee  have  accordingly  introduced  the  fol- 
lowing bill  into  Congress  with  the  promise  of  its  speedy  passage 
through  both  Houses : 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of 
the  United  States  of  America  in  Congress  assembled,  That  the 
tract  of  land  in  the  Territory  of  New  Mexico  described  as  follows : 
beginning  at  the  northwest  corner  of  Cochiti  Indian  grant,  and 
running  north  to  the  southeast  corner  of  ^^Baca  Location,  No.  1 ;" 
thence  east  to  the  Ramon  Vicil  grant ;  thence  southeasterly  along 
such  boundary  to  the  eastern  line  of  Bemallillo  County ;  thence 
southward  to  a  point  directly  east  of  the  place  of  beginning ;  thence 
due  west  to  place  of  beginning,  is  hereby  reserved  and  withdrawn 
from  settlement,  occupancy,  or  sale  under  the  laws  of  the  United 
States ;  and  all  persons  who  shall  locate  or  settle  upon  or  occupy 
the  same,  or  any  part  thereof,  shall  be  considered  trespassers  and 
removed  therefrom. 
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Sec.  2.  That  said  Reservation  shall  be  under  the  exclusive  con- 
trol of  the  Secretary  of  the  Interior,  whose  duty  it  shall  be,  as  soon 
as  practicable,  to  make  and  publish  such  rules  and  regulations  as 
he  may  deem  necessary  or  proper  for  the  care  and  management  of 
the  same.  Such  regulations  shall  provide  for  the  preservation  from 
injury  and  spoliation  all  natural  and  archaeological  curiosities 
within  said  Reservation  and  their  retention  in  their  present  con- 
dition. 

Seo.  3.  The  Director  of  the  Geological  Survey  is  hereby  di- 
rected to  make  a  report  to  Congress  specifying  such  other  archaeo- 
logical remains  existing  upon  the  Public  Domain,  as  should  be 
preserved  in  the  interests  of  science,  together  with  a  description  of 
such  tracts  of  land  as  it  may  be  necessary  to  reserve  in  order  to 
insure  the  protection  of  said  archaeologic  remains  from  injury  and 
spoliation. 

Hoping  that  the  efforts  of  the  committee  in  behalf  of  Archaeo- 
logic study  may  meet  the  approval  of  the  Association, 

Respectfully  submitted, 

Alice  C.  Fletcher, 
T.  E.  Stevenson, 

Committee. 
Washingtotiy  D.  C,  July  18, 1888. 


Report  of  thb  ComnrrBB  to  bbourb  tbox  Cokorbss  thb  Abo- 
lition OF  thb  DimBS  ON  SCIBNTIFIO  BoOKS  AND  APPARATUS 
IMPORTBD  INTO  THIS  OOUNTRT. 

Thb  committee  makes  the  following  report : 

Shortly  after  its  appointment  Dr.  J.  S.  Billings  resigned,  sag- 
gesting  that  a  member  from  the  West  be  selected  to  fill  his  place. 
Professor  Langley,  president  of  the  Association,  therefore  ap- 
pointed Prof.  A.  H.  Worthen  of  Springfield,  111.,  to  the  vacancy. 
Upon  the  death  of  Professor  Worthen,  which  followed  not  long 
after,  Prof.  S.  A.  Forbes  of  Champaign,  111.,  was  selected  by  Pro- 
fessor Langley  to  fill  his  place. 

The  eastern  members  of  the  committee.  Prof.  J.  R.  Eastman 
and  Prof.  E.  D.  Cope,  chairman,  have  held  several  meetings  with 
the  following  results.  The  following  resolution  was  adopted  and 
signed  by  all  the  members : 

Sesolvid:  That  there  shall  be  admitted  to  this  country,  tree  of  doty,  all 
books  in  languages  other  than  English ;  of  books  in  the  English  language 
all  single  copies  sent  to  period iciUs  issned  not  oftener  than  once  a  week ; 
all  books  issned  by  goyemments  and  scientific  societies  and  all  other 
books  not  republished  within  a  year  after  the  first  publication  in  an  Bng- 
lish-speaking  country. 

Also  all  apparatus,  instruments  and  material  to  be  used  in  scientific  ex- 
periment or  original  research ;  decision  as  to  the  intention  of  the  importer 
to  rest  with  a  committee  of  the  U.  S.  National  Academy  of  Sciences. 

This  resolution  was  placed  in  the  hands  of  the  Committee  of 
Ways  and  Means  of  the  House  of  Representatives  of  which  the 
Hon.  R.  Q.  Mills  is  chairman,  through  Hon.  W.  C.  P.  Breckinridge 
of  Kentucky,  one  of  its  members.  The  resolutions  were  received 
with  consideration  and  had  the  attention  of  the  committee  while 
engaged  in  fVaming  what  is  known  as  the  Mills  Tariff  Bill.  The 
recommendations  contained  in  the  resolutions  were  partially  in- 
corporated into  the  bill  in  the  following  language  (H.  R.  9051, 
p.  1  and  7). 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled,  that  on  and  after  the  first  day 
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of  July,  1888,  the  following  articles  mentioned  In  this  section,  when  im- 
ported, shall  be  exempt  firom  daty : 

"Bibles,  books  and  pamphlets  printed  in  other  languages  than  English, 
and  books  and  pamphlets  and  all  pablications  of  Foreign  GoTemments, 
and  publications  of  Foreign  Societies,  historical  or  scientific,  printed  for 
gratuitous  distribution.'' 

This  proYiBion,  althoagh  not  covering  the  case  of  scientific  pub- 
lications produced  in  England,  is  a  great  advance  over  previous 
legislation  on  the  subject. 

As  it  is  probable  that  the  Mills  bill  in  its  present  shape  will  not 
pass  the  Senate,  and  as  the  Senate  is  preparing  a  tariff  bill  as  a  sub- 
stitute for  it,  the  resolutions  of  your  committee  have  been  sub- 
mitted to  the  committee  of  the  Senate  engaged  in  preparing  this 
bill,  of  which  Senator  W.  B.  Allison  is  chairman.  There  is  every 
reason  to  believe  that  the  suggestions  therein  contained  will  re- 
ceive the  respectful  consideration  of  that  committee. 

It  has  been  hoped  that  some  relief  ftom  the  tax  on  knowledge 
at  present  imposed  by  the  government  of  the  United  States  might 
be  largely  relieved  by  the  operation  of  the  bill  which  has  passed 
both  houses  of  Congress,  known  as  the  Chace  copyright  bill.  Such 
relief  would  really  result,  in  the  case  of  scientific  books  of  which 
the  sale  should  be  sufilciently  large  to  justify  their  republication 
in  this  country  by  foreign  publishers,  since  they  would  then  cease 
to  be  imported;  but,  unfortunately,  the  books  most  needed  by 
students  engaged  in  original  research  in  this  country  are  generally 
of  a  kind  that  are  not  republished,  owing  to  the  limited  demand  for 
them  relatively  to  other  classes  of  publications. 

By  resolution  of  the  American  Society  of  Naturalists,  your  com- 
mittee has  been  made  the  recipient  of  the  following  preambles  and 
resolutions  and  its  request  for  the  presentation  of  the  same  to 
Congress : 

"Whereas,  the  cause  of  education  in  science  Is  retarded  by  the  restric- 
tions placed  by  Congress  on  the  importation  of  scientific  books  and  ap- 
paratus :  whereas  we  believe  that  advance  in  the  arts  and  industries  de- 
pends on  the  development  of  science  and  is  impeded  by  the  before-men- 
tioned import  duties,  and  that  all  restrictions  on  education  and  scientific 
research  are  unworthy  of  enlightened  government :  whereas  the  scieDtific 
books  published  abroad  are  absolutely  essential  to  students  and  investi- 
gators, and  are  but  rarely  duplicated  in  this  country :  whereas  the  value 
of  scientific  apparatus  is  in  nearly  all  cases  dependent  on  the  individuality 
of  the  maker :  and  whereas  colleges  and  incorporated  institutions  are  now 
permitted  to  import  apparatus  duty  Aree,  while  private  investigators,  usu- 
ally less  able  to  aflbrd  expense,  are  obliged  to  pay  duty,  therefore 
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Be  it  resolved.  That hereby  requests  the  Representatiyes  of 

the  state  of in  the  Congress  of  the  United  States  to  use  all  pos- 
sible efforts  to  have  placed  on  the  f^ee  list,  books  pertaining  to  the  physi- 
cal, natural  and  medical  sciences,  and  apparatus  intended  for  purposes  of 
scientific  research  or  of  education ;  and  further  be  it 

Beaolved,  That  a  copy  of  these  preambles  and  resolutions  be  forwarded 
to  each  member  of  Congress." 

These  resolutions  were  sent,  by  resolution  of  the  same  society, 
to  the  faculties  of  the  universities  and  colleges  throughout  the 
United  States  for  their  approval  and  signature.  Replies  express- 
ing this  approval  and  signed  by  the  faculties,  or  their  accredited 
officers,  were  received  from  the  following  institutions : 

The  American  Philosophical  Society,  Philadelphia. 

The  Franklin  Institute,  Philadelphia. 

The  Academy  of  Natural  Sciences,  Philadelphia. 

The  County  Medical  Society,  Philadelphia. 

The  Society  of  Arts,  Boston. 

Brown  University,  Providence,  R.  I. 

Bryn  Mawr  College,  Pa. 

Wellesley  College,  Mass. 

Iowa  College,  Iowa. 

Michigan  University,  Ann  Arbor,  Mich. 

Wesleyan  University,  Middletown,  Conn. 

Naval  Academy,  Annapolis,  Md. 

Middlebury  College,  Vt. 

Hamilton  College,  Clinton,  N.  Y. 

Swarthmore  College,  Pa. 

Adelbert  College,  Ohio. 

Williams  College,  WiUiamstown,  Mass. 

College  of  the  City  of  New  York. 

University  of  Alabama,  Tuscaloosa,  Ala. 

Lafayette  College,  Easton,  Pa. 

Amherst  Agricultural  College,  Amherst,  Mass. 

Haverford  College,  Pa. 

Smith  College,  Mass. 

Columbian  University,  Washington,  D.  C. 

Stevens  Institute  of  Technology,  Hoboken,  N.  J. 

University  of  Indiana,  Indiana. 

Lehigh  University,  Bethlehem,  Pa. 

University  of  California,  Berkeley,  Cal. 

Hobart  College,  New  York. 

College  of  Physicians  and  Surgeons,  New  York  City. 

University  of  North  Carolina,  N.  C. 

Columbia  College  School  of  Mines,  New  York  City. 

Union  College,  New  York. 

Eenyon  College,  Ohio. 
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Northwestern  IJniyersity,  Evanston,  111. 
Marietta  College,  Ohio. 
University  of  Virginia,  Charlottesville,  Va. 
Cornell  University,  Ithaca,  N.  Y. 
Hampden  Sidney  College,  Ya. 

As  regards  the  removal  of  duty  from  imported  philosophical  and 
scientific  apparatus,  your  committee  cannot  report  much  progress. 
Onr  efforts  have  been  mainly  directed  to  the  removal  of  the  duty 
on  books,  under  the  belief  that  success  in  this  direction  will  pre- 
pare the  way  for  further  progress.  We  have  not,  however,  neg- 
lected this  important  subject.  The  Mills  tariff  bill  thus  refers 
to  it  (pp.  27  and  32)  : 

(p.  32.)*  *<  And  on  and  after  October  first,  1888,  in  lieu  of  the  duties 
heretofore  imposed  on  the  articles  hereinafter  mentioned  in  this  section, 
there  shall  be  levied,  collected  and  paid  the  following  rates  of  duty  on 
said  articles  severally :" 

'*  Philosophical  apparatus  and  instruments,  twenty-five  per  centum  ad 
valorem." 

Your  committee  hope  to  be  able  to  secure  the  total  abolition 
of  the  duties  on  foreign  books  of  science,  and  the  great  reduction, 
if  not  abolition,  of  those  on  apparatus.  We  base  this  hope  on  the 
activity  in  the  direction  of  change  in  the  existing  laws  on  this  sub- 
ject, at  present  existing  in  Congress,  and  the  evident  desire  of  the 
representatives  of  both  the  great  political  parties  of  the  country  to 
legislate  for  the  best  interests  of  their  constituents,  as  they  under- 
stand them.  At  the  moment  of  preparing  this  ^report  it  is  not 
possible  to  announce  any  final  result  of  the  action  of  your  com- 
mittee, but  it  is  quite  possible  that  improved  legislation  may  be 
attained  by  the  time  of  the  meeting  of  the  Association  to  which 
this  report  is  made. 

In  conclusion  we  feel  that  what  is  needed  to  effect  the  result 
desired,  is  a  continuation  of  the  effort,  already  commenced,  of 
vigorous  protest  against  the  laws  on  the  subject  as  at  present  ex- 
isting ;  laws  which  obstruct  knowledge  at  its  fountain-head  ;  which 
impose  onerous  burdens  on  a  class  which  works  gratuitously  for  the 
public  good,  and  which  place  our  country  in  a  false  position  among 
the  enlightened  nations  of  the  earth. 

Edw.  D.  Copb,  Philadelphia,  Chairman^ 

J.  B.  Eastman,  U.  S.  Naval  Observatory,  Washington, 

S.  A.  Forbes,  Champaign,  111., 

Committee. 


Bbpobt  of  the  Committbb  on  Anatoicioal  Nomenclatubb  with 

SPECIAL  REFERENCE  TO  THE  BrAIN. 

With  regard  to  encephalic  nomenclature,  the  committee  under- 
stand that  three  distinct  tasks  are  to  be  performed : 

A.  The  preparation  of  a  list  of  those  names  which  thpy  regard 
as  worthy  of  adoption ;  the  terms  to  be  in  Latin,  with  appropriate 
equivalents  (etymologically  similar  so  far  as  possible),  in  English, 
French,  German  and  Italian. 

B.  The  formulation  of  comprehensive  principles  of  anatomical 
nomenclature,  and  of  rules  that  should  govern  the  selection  of  ex- 
isting terms  and  the  formation  of  new  ones. 

C.  The  recommendation  of  descriptive  terms  to  be  used  in  in- 
dicating the  position  and  direction  of  encephalic  parts  with  respect 
to  one  another  and  the  longitudinal  axis. 

These  tasks  are  both  extensive  and  difficult,  and  other  and  im- 
perative duties  have  prevented  the  committee  from  devoting  to 
them  as  much  time  as  they  had  hoped ;  moreover,  their  attention 
has  been  called  quite  recently  to  certain  publications  in  which  the 
principles  of  anatomical  nomenclature  are  somewhat  fully  dis- 
cussed but  which  it  has  not  been  possible  to  examine  as  yet  with 
the  care  which  they  deserve. 

The  committee  therefore  ask  to  be  continued,  and  hope  to  have 
made  visible  progress  by  the  time  of  the  next  meeting  of  the  As- 
sociation. 

Burt  6.  Wilder,  Chairmany 
Harrison  Allen, 
Frank  Baker, 
T.  B.  Stowell, 

Committee, 

Note.— The  undersigned  was  out  of  the  country  at  the  time  the  above 

report  was  prepared  and  submitted,  hut  now  expresses  his  concurrence 

therein. 

Henry  Fairfdeu)  Osborn. 
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Repobt  of  Committbb  on  Intbbnational  Congress  of  Geologists. 

The  committee  on  the  International  Geological  Congress  re- 
port that  the  papers  prepared  and  brought  to  the  Association  at 
its  meeting  last  year  have  been  transmitted  to  the  Congress,  which 
Ib  aboat  to  assemble  in  London.  Their  duties  in  this  respect  are 
done.  The  treasurer,  Frof.  H.  S.  Williams,  reports  that  all  the 
expenses  incurred  by  the  committee  are  paid  and  the  accounts 
closed. 

The  secretary,  Dr.  Persifor  Frazer,  has  in  hand  a  subscription 
list  for  copies  of  the  geological  map  of  Europe,  prepared  by  the 
International  Geological  Congress.  One  hundred  copies  are  pro- 
posed to  be  subscribed  for  here  and  it  is  reported  that  ninety-four 
subscribers  are  secured. 

The  invitation  for  the  Congress  to  hold  its  next  session,  that 
of  1891,  in  this  country  will  be  presented  at  the  coming  session  of 
that  Congress.  With  these  duties  performed  the  functions  of  the 
committee  will  end,  and  future  business  of  the  International  Con- 
gress devolves  upon  the  A.  A.  A;  S.  and  the  American  Geologi- 
cal Society,  which  it  is  expected  will  act  with  Section  E  of  this 
Association. 

Beport  presented  by 

George  H.  Cook. 
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Bepobt  of  Special  Agent  of  Transportation  for  the  Associa- 
tion TO  ACT  WITH  THE  LoCAL  COMMITTEES. 

In  regard  to  the  efforts  to  secure  reduced  fares  for  members 
attending  the  meeting :  —  The  membership  of  the  A.  A.  A.  S. 
being  distributed  over  so  large  an  extent  of  country  several  dis- 
tinct Passenger  Agents'  Associations  are  included  therein,  each  of 
which  require  separate  negotiations  in  obtaining  concessions. 
The  rules  and  regulations  of  the  associations  are  unlike,  therefore 
unity  and  uniformity  of  action  cannot  be  obtained  of  all,  especially 
from  those  most  distant  firom  the  place  of  meeting. 

The  rules  of  the  principal  associations  are  now  such  that  the 
chairman  of  the  association  can,  under  definite  limitations,  grant 
concessions  for  fares  without  submitting  the  question  to  a  vote  of 
the  passenger  agents  of  the  association. 

The  A.  A.  A.  S.  can  feel  reasonably  certain  of  obtaining  a  con- 
cession in  the  Passenger  Association  where  the  meeting  is  held,  also 
in  the  adjacent  associations,  of  a  fare  and  one-third  for  the  round 
trip,  on  the  certificate  plan  and  three  days'  limit. 

The  requirements  of  such  a  concession  are  that  one  hundred 
members  attend  the  meeting  firom  two  of  the  associations.  This 
does  not  meet  all  cases,  but  is  the  best  which  can  be  obtained  with- 
out a  special  vote  by  the  different  Passenger  Agents'  Associations, 
which  is  no  easy  matter  to  obtain. 

For  the  Cleveland  meeting  I  applied  to  the  principal  associa- 
tions for  a  concession  of  our  fare  for  the  round  trip  and  an  exten- 
sion of  the  three  days'  limit.    Neither  was  granted. 

Before  the  associations  will  take  any  official  action  for  a  reduc- 
tion of  rates,  an  application  must  be  filed  stating  the  name  of  the 
organization,  place  of  meeting,  date  of  meeting,  the  probable  num- 
ber in  attendance  and  the  name  of  the  secretary  who  will  sign  the 
certificates. 

All  of  this  information  can  be  fhrnished  by  the  agent  except  the 
name  of  the  secretary  who  is  to  sign  the  certificates. 

The  name  of  the  latter  should  be  designated  by  the  Local  Com- 
mittee for  the  next  meeting  by  the  first  of  January,  1889. 

The  date  of  the  meeting  should  be  counted  from  the  time  the 
council  meets  and  adjourns. 

P.  H.  Dudley,  Honorary  Agent. 
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MOTIONS  OF  THE  SOLAS  SYSTEM. 


Ab  in  the  moral  world  unselfishness  stands  high  above  all  other 
virtues,  so  in  science  the  interest  in  auy  subject  depends  principally 
upon  its  relation  to  other  subjects.  Thus  pure  mathematics  de- 
riyes  its  chief  value  from  its  applications  or  from  the  possibility  of 
application.  Astronomy  affords  the  highest  opportunities  for  the 
exercise  of  genius  in  the  development  of  geometrical  analysis.  But 
its  real  interest  does  not  centre  in  the  analysis  itself,  but  in  its  ap- 
plication to  the  study  of  the  motions  of  the  physical  universe ;  nor 
is  it  the  motions  themselves  which  excite  our  chief  interest,  but 
rather  those  philosophical  questions  which  relate  to  the  origin, 
structure  and  unity  of  the  universe. 

No  other  hypothesis  has  been  suggested  which  offers  such  direct 
and  complete  answers  to  most  of  these  questions  as  Newton's  law 
of  gravity.  It  is  but  natural,  therefore,  that  the  majority  of  the  prob- 
lems which  arise  in  regard  to  the  motions  of  the  solar  system  should 
have  their  origin  in  an  effort  to  confirm  this  law,  so  remarkable  for 
its  wonderfiil  simplicity,  yet  so  complicated  in  its  consequences, 
that  many  of  the  most  important  problems  arising  therefrom  re- 
main still  unsolved. 

The  first  attempt  to  apply  Newton's  law  to  all  the  motions  of 
the  solar  system  was  made  by  Laplace,  and  to-day  there  exists  no 
work  in  science  which  for  boldness  of  design,  grandeur  of  outline, 
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and  success  of  accomplishment,  surpasses  the  Mecanique  Celeste. 
Nevertheless,  when  Lindenau  and  Bouvard  undertook  to  compute 
their  tables  of  the  motions  of  the  planets,  a  complete  revision  of 
Laplace's  theory  was  found  necessary.  This  was  due  to  the  fact 
that  Lindenau  and  Bouvard  had  more  numerous  and  more  accurate 
observations  with  which  to  compare  Laplace's  theory  than  the  latter 
had  employed  in  its  formation.  Every  advance  in  accuracy  of  ob- 
servation demands  a  corresponding  advance  in  theory. 

As  no  general  solution  of  the  problem  of  more  than  two  bodies 
has  thus  far  been  obtained  in  finite  terms,  in  any  analytical  discus- 
sion of  the  motions  of  any  dynamic  system,  it  is  necessary  to  resort 
to  the  use  of  infinite  converging  series.  Now,  it  is  a  peculiarity  of 
such  series,  that  the  expressions  involving  small  quantities  of  any 
given  order  of  magnitude  are  generally  more  complicated  than 
those  of  a  lower  order,  although  in  general  the  former  are  much 
smaller  than  the  latter.  Mr.  Hill,  in  speaking  of  his  computation 
of  the  inequalities  of  Jupiter  and  Saturn,  especially  mentions  that 
more  time  was  consumed  in  computing  terms  of  three  dimensions 
than  in  computing  those  of  two.  On  the  other  hand,  every  addi- 
tional observation  adds  to  the  work  of  the  computer.  Such  are 
some  of  the  difficulties  which  beset  the  computer  in  his  efforts  to 
obtain  numerical  solutions  of  problems  in  celestial  mechanics. 

So  enormous,  indeed,  is  the  labor  involved,  that  there  exists  be- 
sides those  mentioned  only  one  other  complete  set  of  theories  and 
tables  of  the  motions  of  the  principal  planets,  that  of  Leverrier. 
Leverrier's  tables  of  the  inner  planets  are  now  nearly  thirty  years 
old,  and  those  in  use  to-day,  if  we  except  Hill's  tables  of  Venus, 
which  were  published  in  1872,  in  which  Leverrier's  theory  was  em- 
ployed, but  corrected  by  comparison  with  observations.  Leverrier's 
tables  of  the  outer  planets  are  much  later,  having  engaged  his 
attention  almost  to  the  day  of  his  death.  His  tables  of  Jupiter  and 
Saturn  were  published  in  1876  and  those  of  Uranus  and  Neptune 
during  the  following  year.  Bouvard's  tables  of  Jupiter  and  Saturn 
preceded  those  of  Leverrier  no  less  than  fifty-five  years, 

Newcomb's  tables  of  Neptune  were  published  in  1865,  those  of 
Uranus  in  1874.  Hill's  Theory  of  Jupiter  and  Saturn  which  has 
for  years  occupied  his  attention  has  at  last  been  completed,  and 
he  is  now  engaged  in  preparing  tables  therefrom.  These  are  in- 
tended to  form  a  part  of  a  complete  series  of  tables  of  the  principal 
planets  now  being  prepared  under  the  direction  of  Professor  New- 
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comb,  at  Washington.    Another  such  series  is  also  being  prepared 
by  Professor  6jld6n,  at  Stockholm. 

The  values  of  the  coefficients  of  the  terms  of  short  period  in  the 
motions  of  the  principal  planets  are  ilow  pretty  well  known  ;  and 
the  same  might  be  said  of  the  secular  variations,  were  it  not  for  the 
difference  between  theory  and  observation  which  exists  in  regard 
to  the  motion  of  the  perihelion  of  Mercury  which  was  discovered 
by  Leverrier,  and  has  been  confirmed  by  Newcomb  in  a  discussion 
of  the  observations  of  the  transits  of  Mercury  extending  over  a 
period  of  more  than  two  centuries.  The  cause  of  this  difference 
still  remains  unknown.  Whether  the  law  of  gravity  requires  mod- 
ification, or  the  difference  is  produced  by  the  attraction  of  unknown 
matter  in  the  neighborhood  of  the  sun  or  Mercury,  or  whether  some 
force  other  than  gravity  effects  the  motion  of  Mercury  without  be- 
ing appreciable  in  the  case  of  the  planets  more  remote  from  the 
sun,  we  cannot  tell.  There  is  evidently  no  planet  or  group  of 
planets  as  Leverrier  supposed  between  Mercury  and  the  sun ;  for, 
although  careful  search  has  been  made  during  recent  eclipses  in  the 
hope  of  discovering  one  or  more  such  bodies,  it  has  always  been 
in  vain.  The  objects  seen  by  Watson  and  Swift  during  the  eclipse 
of  1878  were  undoubtedly  fixed  stars.  The  claim  has,  indeed,  been 
made  that  such  bodies  had  been  observed  crossing  the  sun's  disc, 
but  no  such  phenomenon  has  been  seen  by  any  skilled  observer. 
Professor  Newcomb  thinks  that  even  disintegrated  matter  in  suf- 
ficient quantity  to  produce  the  effect  under  consideration  would 
shine  more  brightly  than  the  zodiacal  light,  and,  unless  situated 
near  the  plane  of  Mercury's  orbit,  would  produce  a  secular  varia- 
tion of  the  node  which  does  not  exist.  Tisserand  has  computed 
the  secular  variation  of  the  planets  employing  Weber's  Electro- 
dynamic  law  of  gravity,  but  the  difference  of  the  value  of  the  mo- 
tion of  the  perihelion  of  Mercury  thus  obtained  from  that  given  by 
Newton's  law  is  much  smaller  than  the  discordance  derived  from 
observation.  The  completion  and  comparison  with  observations 
of  the  new  theory  of  the  four  inner  planets  now  being  prepared  un- 
der the  direction  of  Professor  Newcomb  will  be  awaited  with  interest 
with  the  hope  that  it  may  throw  new  light  upon  this  interesting 
subject. 

Of  the  satellites  of  the  solar  system  our  moon  has  naturally  at- 
tracted more  attention  than  all  the  others  combined.  The  only 
recent  original  tables  of  the  moon's  motions  are  those  of  Hansen. 
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These,  like  Leverrier's  tables  of  the  inner  planets,  are  now  more 
than  thirty  years  old.  These  tables  have  been  compared  with  ob- 
servations, and  agree  fairly  well  with  those  made  during  the  century 
preceding  their  publication,  but  not  with  those  made  before  or  since 
that  time. 

Halley  was  the  first  to  call  attention  to  the  existence  of  a  seca- 
lar  acceleration  of  the  moon's  longitude.  l<aplace  made  a  numer- 
ical application  of  Lagrange's  theory  of  secular  variation,  and  thus 
explained  the  lunar  acceleration  on  theoretical  grounds.  Adams, 
however,  was  the  first  to  obtain  a  practically  correct  theoretical 
value  of  this  acceleration  (6''),  which  has  since  been  confirmed  by 
Delaunay  and  others.  Hansen,  on  the  other  hand,  by  a  compari- 
son of  his  Lunar  Theory  with  historical  statements  which  he  as- 
sumed to  refer  to  certain  ancient  total  eclipses  of  the  sun,  con- 
cludes that  the  acceleration  is  12'S  or  twice  that  found  by  Adams. 
Professor  Newcomb,  on  the  other  hand,  considers  the  employment 
of  these  eclipses  for  the  determination  of  the  secular  vanation  as 
entirely  unwarranted.  If  historical  statements  of  the  ordinary 
events  of  those  times  are  unreliable,  especially  so  must  be  state- 
ments in  regard  to  scientific  phenomena  made  by  unscientific  men, 
and  often  given  at  second-hand.  Even  if  we  assume  in  any  given 
case  that  the  statement  refers  to  a  total  eclipse  of  the  sun,  the  lo- 
cality where  the  eclipse  was  total  is  nearly  always  extremely  un- 
certain. Accordingly,  Professor  Newcomb,  in  determining  the  value 
of  the  acceleration,  limits  himself  to  two  sources  of  evidence,  the 
Ptolemaic  eclipses  of  the  Almagest^  and  the  Arabian  eclipses  con- 
tained in  Le  Livre  de  la  Grande  Table  Hakemite,  From  these  he 
concludes  that  we  cannot  suppose  the  acceleration  much  greater 
than  8".3  without  supposing  systematic  errors  which  seem  quite 
improbable.  In  fact,  if  the  Arabian  observations,  which  are  more 
accurate  than  those  of  Ptolemy,  be  alone  combined  with  modern 
observations,  the  result  is  only  7'',  a  value  but  little  greater  than 
the  theoretical  value. 

Dr.  Ginzel  has  made  an  extensive  comparison  of  Hansen's  the- 
ory with  accounts  of  total  eclipses  of  the  sun  of  the  middle  ages 
which  have  been  found  in  the  many  cloisters  scattered  over  the  con- 
tinent of  Europe.  From  these  accounts  he  has  estimated  the  dif- 
ferences between  the  distances  north  or  south,  in  degrees  of  lati- 
tude, of  the  average  places  of  observation  from  the  lines  of  central 
totality  as  obtained  from  Oppolzer's  eclipse  tables,  which  are  based 
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upon  Hansen's  theory.  Fi*om  these  differences  of  latitude  he  has 
formed  equations  of  condition  from  which  to  obtain  corrections  to 
the  coefficient  of  acceleration  and  the  mean  motions  in  longitude, 
argument  of  latitude,  and  mean  anomaly.  Having  solved  his  equa- 
tions of  coudilion,  he  finds  that  certain  ancient  eclipses  are  also 
fairly  well  represented  b}'  the  con*ections  obtained.  He,  accord- 
ingly, includes  these  in  a  new  set  of  equations,  rejecting,  however, 
two  of  the  later  eclipses  which  in  the  first  solution  had  given 
the  largest  residuals.  Tlie  solution  of  this  second  set  of  equations 
gave  him  a  second  set  of  corrections  much  smaller  than  those  first 
obtained  and  representing  tlie  old  eclipses  much  better,  and  finally 
concludes  that  Hansen's  value  of  the  acceleration  requires  a  change 
of  only  a  little  more  tban  1''.  A  careful  inspection,  however,  of 
his  residuals  shows  that  these  are  almost  exactly  identical  in  both 
solutions  for  those  eclipses  which  are  common  to  both ;  whence, 
it  may  be  concluded  that  his  solution  depends  in  reality  upon  the 
ancient  eclipses  alone,  which  in  turn  should  be  accepted  with  cau- 
tion, or  perhaps  rejected  entirely  on  the  grounds  so  ably  discussed 
by  Professor  Newcomb.  From  the  evidence  we  have,  it  seems  prob- 
able, though  not  positive,  that  a  small  secular  residual  still  re- 
mains unexplained. 

Several  hypotheses  have  been  suggested  in  explanation  of  the 
supposed  discordance  between  the  observed  and  theoretical  values 
of  the  acceleration.  In  a  complete  theory  of  the  moon,  there  should 
exist  no  terms  which  increase  with  the  time,  but  in  place  of  the  so- 
called  secular  terras,  there  should  be  terms  of  very  long  period ; 
but  the  determination  of  these  terms  of  very  long  period  is  a  prob- 
lem as  yet  unsolved.  Still,  it  would  hardly  seem  probable  that 
there  exists  any  term  of  this  character  not  taken  account  of  during 
the  few  centuries  over  which  observations  have  extended,  of  suffi- 
cient size  to  account  for  the  large  difference  assumed  by  Hansen. 
Another  hyix>thesis  is  the  assumption  that  the  earth  is  changing  the 
velocity  of  its  i-otation  on  its  axis  either  by  reason  of  the  friction 
produced  by  the  tides  of  the  ocean,  as  originally  suggested  by 
Kant  and  afterwards  revived  by  Mayer,  Ferrel,  and  Delaunay,  or  by 
reason  of  friction  produced  by  bodily  tides  on  the  assumption  that 
the  earth  is  partially  viscous  as  assumed  by  Darwin.  The  acceler- 
ation might  also  be  accounted  for  by  assuming  that  the  law  of  gi'av- 
ity,  as  given  by  Newton,  is  only  a  very  close  approximation  to  the 
true  law  of  nature,  or  by  assuming  that  the  motion  of  the  moon  is 
affected  by  the  action  of  other  forces  acting  independently  of  grav- 
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ity.  The  supposition  suggested  by  Oppolzer  that  the  moon  is  re- 
tarded by  the  impact  of  meteors  is  entirely  inadequate,  nor  is  it 
reasonable  to  suppose  that  there  exists  a  resisting  medium  of  suf- 
ficient density  to  produce  an  appreciable  effect  on  the  moon's  mo- 
tion. 

An  examination  of  the  residuals  found  by  Professor  Newcomb 
in  his  researches  on  the  motions  of  the  moon  would  seem  to  indi- 
cate that,  aside  from  the  acceleration,  there  exist  appreciable  un- 
explained inequalities  of  somewhat  long  period.  It  hardly  seems 
possible  that  the  rotation  of  the  earth  on  its  axis  could  be  so  irr^- 
ular  as  to  be  the  cause  of  these  inequalities.  We  should  rather,  it 
seems  to  me,  look  for  an  explanation  to  a  more  accurate  knowledge 
of  the  theory  of  the  moon's  motion  based  upon  the  law  of  gravity, 
or  to  the  existence  of  other  unknown  forces. 

The  only  other  theory  of  the  moon  comparable  with  Hansen's  is 
that  of  Delaunay,  which  forms  Vols,  xxviii  and  xxix  of  the  Me- 
moirs of  the  French  Academy.  The  method  there  adopted  is  so 
elegant  that  in  Mr.  Hill's  opinion  it  cannot  fail  to  become  in  the 
future  the  classic  method  of  treating  all  problems  of  celestial  me- 
chanics. This  theory,  however,  is  limited  to  a  determination  of 
the  inequalities  in  the  motion  of  the  moon  due  to  the  action  of  the 
sun  on  the  hypothesis  that  the  orbit  of  the  earth  is  a  pure  ellipse. 
Mr.  Hill  has  since  determined  the  inequalities  due  to  the  ellipticity 
of  the  earth's  figure  and  a  portion  of  the  disturbance  produced  by 
Jupiter.  The  subsidiary  inequalities,  however,  due  to  the  inequal- 
ities in  the  earth's  motion  and  to  the  disturbance  of  the  other  plan- 
ets remain  still  to  be  determined. 

Delaunay's  method  differs  from  that  of  Hansen  in  that  the  ine- 
qualities determined  are  not  expressed  numerically  but  only  sym- 
bolically in  terms  of  arbitrary  constants. 

The  longitude  and  latitude  can  be  more  accurately  confirmed  by 
observation  than  the  radius  vector,  which  is  not  observed  directly. 
Delaunay  determined  the  inequalities  of  the  longitude  and  latitude 
to  terms  of  the  seventh  order,  or,  when  the  convergence  of  the  se^ 
ries  was  found  too  slow,  to  terms  of  the  eighth  and  ninth  order. 
The  radius  vector,  however,  he  carried  only  to  terms  of  the  fifth  or- 
der, which  is  not  even  sufficient  for  a  determination  of  the  moon's 
parallax.  Professor  Adams  has,  however,  since  calculated  the  in- 
equalities of  the  radius  vector  of  the  moon  to  the  same  degree  of 
accuracy  Delaunay  obtained  for  the  latitude  and  longitude. 

A  numerical  comparison  made  by  Professor  Newcomb  between 
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Hansen's  and  Delaunay's  theories  shows  that  the  solar  terms  of 
short  period  are  now  fairly  well  known.  In  view  of  the  magnitude 
of  the  work  involved  in  a  determination  of  the  motion  of  the  moon, 
it  is  remarkable  how  few  errors  have  been  detected  in  the  work  of 
these  masters  of  celestial  mechanics.  So  far  as  he  has  gone,  De* 
launay's  theory  is,  so  far  as  I  am  aware,  absolutely  perfect.  This 
cannot  of  coarse  be  said  in  regard  to  Hansen's,  since  his  operations 
are  all  numerical,  and  therefore  subject  to  inaccuracies  arising  from 
an  imperfect  knowledge  of  the  values  of  the  constants  employed. 
A  few  additional  errors  have  also  been  detected.  Hansen  assumed 
that  the  centre  of  gravity  of  the  moon  does  not  agree  with  the  cen- 
tre of  the  figure,  an  apparently  unwarranted  hypothesis.  The  co- 
efficient of  the  largest  inequality  thus  introduced  is,  however,  only 
one- third  of  a  second.  A  small  inequality  was  accidentally  intro- 
duced into  the  tables  with  the  wrong  sign,  and  one  other  more  impor- 
tant term  has  been  found  to  have  no  theoretical  existence.  While 
the  coefficients  of  the  inequalities  upon  which  Hansen's  tables  are 
based  seem  to  be  pretty  well  known,  I  am  not  aware  that  the  tables 
themselves  have  been  sufficiently  checked  except  by  comparison 
with  observations.  Apparently,  the  great  desideratum  now  is  a  set 
of  tables  computed  from  Delannay's  theory  in  a  completed  form, 
or  computed  in  some  other  way  absolutely  independently  of  Han- 
sen's. Until  Hansen's  tables  are  thus  checked,  it  is  questionable 
whether  it  can  be  safely  said  that  the  motion  of  the  moon  cannot 
be  completely'  accounted  for  by  the  law  of  gravity. 

Among  the  many  impoi*tant  investigations  in  regard  to  the  moon's 
motion,  not  already  referred  to,  may  be  mentioned  Dr.  Hill's  re- 
markable researches,  especially  his  memoir  on  the  motion  of  the 
lunar  perigee,  and  Professor  Adams's  paper  on  the  motion  of  the 
moon's  node.  In  these,  instead  of  first  determining  inequalities  of 
the  first  order  in  regard  to  the  mass  of  the  disturbing  body,  the 
terms  which  are  independent  of  the  eccentricities  and  inclination 
are  first  obtained ;  and  afterwards  those  which  involve  the  first  pow- 
ers of  the  eccentricities  and  the  sine  of  the  inclination  ;  and  so  on. 

Probably  the  greatest  very  recent  loss  to  astronomy  was  sus- 
tained in  the  death  of  Oppolzer.  The  remarkable  career  of  this  dis- 
tinguished astronomer  during  the  past  quarter  of  a  century  inspired 
the  hope  that  the  researches  in  the  lunar  theory  which  he  had  only 
just  entered  upon  at  the  time  of  his  death  would  result  in  a  veritable 
addition  to  our  knowledge  of  this  subject. 
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The  detection  of  the  two  satellites  of  Mars  by  Professor  Hall 
with  the  great  equatorial  at  Washington  may  be  considered  the 
inost  interesting  recent  achieyement  in  pure  discovery.  Phobos, 
the  inner  of  these,  is  the  only  satellite  in  the  solar  system  which 
revolves  about  its  primary  in  less  time  than  it  takes  the  primary  to 
rotate  on  its  axis,  and  hence  the  only  satellite  which  rises  in  the 
west  and  sets  in  the  east. 

The  accuracy  of  the  values  of  the  masses  of  the  planets  obtained 
fVom  discussions  of  orbits  of  comets  and  asteroids  varies  greatly 
according  to  the  size  of  the  inequalities  produced.  If  the  principal 
inequality  is  large  and  the  body  has  been  careflilly  observed  through 
a  long  period  by  a  large  number  of  observers,  the  result  ought  to 
be  accurate  and  practically  free  from  personal  error.  But  the  most 
favorable  circumstances  seldom  occur,  and  it  was  not  till  the  dis* 
covery  of  the  satellites  of  Mars  that  a  means  was  offered  for  the 
accurate  determination  of  the  mass  of  this  planet.  No  satellites 
of  Venus  and  Mercury  have  as  yet  been  discovered,  and  the  values 
at  present  assumed  for  the  masses  of  those  planets  are  very  un- 
certain. 

In  1788,  just  one  hundred  years  ago,  Laplace  published  a  com- 
plete theory  of  Jupiter's  satellites.  This  theory  is  still  the  basis 
of  the  tables  now  in  use.  Soui Hart's  analytical  theory  of  these 
satellites  appeared  in  1881.  His  numerical  theory  was  completed 
only  within  the  last  year,  and  tables  therefrom  still  remain  to  be 
formed. 

Titan,  the  largest  satellite  of  Saturn,  was  discovered  by  Huygens 
in  1655;  soon  afterwards  Cassini  added  four  to  the  number;  a 
century  later  two  more  were  added  by  Herschel ;  and,  finally,  Hy- 
perion was  discovered  by  Bond  in  1848.  Bessel  made  a  careful 
investigation  of  the  orbit  of  Titan  and  therefrom  obtained  a  value 
for  the  mass  of  Saturn  which  since  that  time  has  been  generally 
employed  in  the  determination  of  the  perturbations  produced  by 
that  planet.  The  general  theory  of  the  Satumian  system  which 
hC; commenced,  he  did  not  live  to  finish.  It  may  be  found  in  its 
incomplete  condition  in  the  Nachrichten.  ^^This  memoir,"  as  Pro- 
fessor Hall  remarks,  ^4s  still  the  most  comprehensive  investiga- 
tion we  have  of  the  differential  equations  of  this  system  and  of  the 
various  forms  of  the  perturbative  function  arising  from  the  figure 
of  the  planet,  the  ring,  the  action  of  the  satellites  on  each  other, 
and  the  sun." 
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Our  knowledge  of  the  motions  of  the  satellitesof  Satarn,  with  the 
exception  of  Titan,  was  very  meagre  until  quite  recently.  This 
system  of  satellites  is,  in  many  respects,  the  most  interesting  in 
the  solar  system,  and  its  form  is  quite  analogous  to  that  of  the  pri- 
mary system.  The  number  of  members  is  the  same,  and  Titan 
plays  very  much  the  same  role  in  the  one  system  that  Jupiter  does 
in  the  other.  Since  its  erection,  the  great  equatorial  of  the  Wash- 
ington Observatory  has  been  chiefly  devoted  to  observations  of  the 
numerous  satellites  of  the  outer  planets.  Professor  Hall  has  pub- 
lished a  discussion  of  his  observations  of  all  the  satellites  of  Saturn 
except  Hyperion,  but  omitting  a  discussion  of  the  motion  of  the 
node  of  lapetus.  The  mass  of  Saturn  obtained  by  Professor  Hall 
from  micrometric  measures  of  position  angles  and  distances  is  small- 
er than  that  obtained  by  Bessel.  The  difference  is  perhaps  due  to 
the  difference  in  personal  errors  in  the  measurements  of  the  satel- 
lites when  in  different  positions  with  regard  to  the  primary.  This 
error  is  increased  by  the  fact  that  when  the  position  of  the  satellite 
is  compared  directly  with  the  primary,  one  of  the  micrometer  wires 
must  bisect  the  disc  or  we  must  measure  from  one  of  the  edges  of 
the  planet.  In  the  case  of  Saturn,  the  difficulty  is  further  increased 
by  the  presence  of  the  rings.  To  avoid  these  difficulties.  Otto 
Struve  has  suggested  the  comparison  of  the  positions  of  the  satel- 
lites with  one  another  instead  of  with  the  planet.  Within  the  last 
two  or  three  years  Hermann  Struve  has  made  such  a  series  of  ob- 
servations, with  the  great  refractor  of  the  Pulkowa  Observatory,  re- 
sulting in  a  mass  of  Saturn  practically  the  same  as  that  of  Bessel. 

A  difficulty  in  the  determination  of  a  correct  theory  of  the  mo- 
tions of  Saturn's  satellites  is  the  fact  that  there  are  a  number  of 
cases  of  approximate  commensurabilities  in  the  ratios  between 
their  so-called  mean  motions.  For  example,  the  mean  motion  of 
lapetus  is  almost  exactly  one-fifth  that  of  Titan,  Dione  one-half 
that  of  Enceladus,  and  Thetus  one-half  that  of  Mimas.  But  the 
most  interesting  case  is  that  of  Hyperion,  whose  mean  motion  is 
very  nearly  three-fourths  that  of  Titan.  In  this  case,  there  is  the 
additional  difficulty  that  their  distance  from  one  another  is  only 
about  one-seventh  as  great  at  conjunction  as  at  opposition.  The 
apparent  eccentricity  of  Hyperion's  orbit  is  principally  due  to  the 
perturbations  produced  by  Titan.  As  a  consequence,  Hyperion 
is  always  at  apo-saturnium  when  in  conjunction  with  Titan.  The 
values  for  the  mass  of  Titan  obtained  from  discussions  of  the  mo- 
tion of  Hyperion  by  Mr.  Hill  and  myself  agree  closely  with  one 
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another,  and  with  that  obtained  by  Hermann  Struve  from  the  mo- 
tion of  the  node  of  lapetus.  The  values  previously  obtained  by 
Newcomb  and  Tisserand  are  evidently  too  small. 

Our  knowledge  of  the  motions  of  the  satellites  of  Uranas  and 
Neptune  depends  almost  entirely  on  the  observations  made  at 
Washington.  Quite  accurate  determinations  of  the  masses  of 
these  two  planets  have  been  obtained  from  them.  The  theory  of 
their  satellites  offers  no  other  points  of  special  interest.  The  large 
secular  motion  of  the  plane  of  Neptune's  satellite  to  which  Marth 
has  called  attention  needs  confirmation ;  so  that  we  may  say  that 
with  the  exception  of  the  lunar  acceleration  there  is  little  evidence 
that  any  of  the  satellites  of  the  solar  system  move  otherwise  than 
in  exact  accordance  with  Newton's  law  of  gravity. 

The  discovery  of  the  asteroids  began  with  the  century.  Only 
four  were  detected  by  the  end  of  1807,  and  it  took  forty  years  to 
double  this  number.  Since  that  time,  however,  their  discovery 
has  progressed  with  ever  increasing  activity,  until  the  number  of 
these  diminutive  bodies  has  reached  two  hundred  and  seventy-eight, 
and  is  now  increasing  at  the  rate  of  nearly  one  hundred  to  every 
decade.  The  asteroids  individually  possess  little  interest  of  their 
own ;  but,  on  account  of  their  motions,  and  on  account  of  the  as- 
sistance which  their  observation  offers  in  the  solution  of  other 
problems,  they  have  already  played  an  important  part  in  the  his- 
tory of  astronomy.  The  discovery  of  Ceres  led  to  the  composition 
of  the  Theoria  Motua^  and  a  demand  for  a  more  accurate  knowledge 
of  their  motions  was  the  origin  of  Hansen's  A%L9einander8etzung. 
Several  of  the  asteroids  approach  Jupiter  sufficiently  close  to  offer 
a  valuable  means  for  the  determination  of  the  mass  of  that  planet. 
On  the  other  hand,  another  of  the  asteroids  is  at  times  actually 
nearer  to  the  sun  than  Mars,  but  unfortunately  the  inclination  of 
its  orbit  is  very  great. 

The  discovery  of  new  asteroids  should  be  encouraged  in  the 
hope  that  one  or  more  may  be  found  having  inequalities  in  their 
motions  produced  by  Mars  and  the  earth  of  sufficient  amount  to 
render  observations  of  them  valuable  for  the  determination  of  the 
mass  of  Mars  and  of  the  earth,  the  mass  of  which  is,  strange  to 
say,  not  nearly  so  well  known  as  those  of  Jupiter  and  Saturn. 
The  masses  of  the  latter  are  obtained  from  the  observed  distances 
of  their  satellites,  while  in  the  case  of  our  own  satellite  the  dis- 
tance is  the  one  quantity  which  it  is  impossible  to  observe. 

The  number  of  asteroids  is  so  great  that  they  have  been  the  fre- 
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qaent  sabject  of  statistical  investigation.  Perhaps  the  most  im- 
portant earlier  investigations  of  this  sort  were  those  of  d'Arrest  and 
Newcomb,  which  threw  donbt  Upon  the  hypothesis  of  Olbers,  that 
the  asteroids  were  the  fragments  of  an  explosion  of  a  larger  planet. 
The  systematic  grouping  of  their  nodes  and  perihelia  which  exists, 
was  shown  by  Newcomb  to  be  the  effect  of  perturbation.  A 
clearer  light  has  been  thrown  upon  this  subject,  more  recently,  by 
Glauser  and  Newton.  As  a  result  of  the  action  of  Jupiter,  the 
orbit  of  each  asteroid  has  a  motion  about  the  orbit  of  that  planet. 
These  motions  being  unequal,  there  is  a  tendency  toward  a  uniform 
distribution  of  the  nodes  on  the  orbit  of  Jupiter.  Glauser  shows 
that  the  observed  grouping  of  the  nodes  on  the  ecliptic  is  a  sub- 
sidiary result  of  such  a  uniform  distribution,  which,  however,  is 
slightly  disturbed  by  the  action  of  Saturn.  Newton  had  previously 
found  that  the  centre  of  gravity  of  the  poles  of  two  hundred  and 
fifty-one  asteroid  orbits,  considered  as  points  of  equal  weight,  lies 
within  half  a  degree  of  the  pole  of  Jupiter's  orbit,  and  in  fact  re- 
garding this  centre  of  gravity  as  the  pole  of  the  mean  plane  of  the 
asteroid  orbits,  that  this  mean  plane  lies  nearer  to  the  plane  of  Ju- 
piter*s  orbit  than  to  the  orbit  plane  of  any  individual  asteroid.  On 
the  other  hand,  if  weights  be  given  derived  from  the  observed  mag- 
nitudes of  the  asteroids,  the  position  of  their  mean  plane  as  found 
by  Svedstrup  differs  greatly  from  that  of  Jupiter. 

Kirkwood  concludes,  from  an  inspection  of  a  table  of  the  mean 
distances  of  the  asteroids,  that  those  parts  of  the  asteroid  zone  in 
which  a  simple  relation  of  commensurability  would  obtain  between 
the  period  of  a  minor  planet  and  that  of  Jupiter,  are  distinguished 
as  gaps  or  chasms  similar  to  the  intervals  in  Saturn's  ring.  This 
much  can,  at  least,  be  said  that  eighty-five  per  cent  of  the  asteroids 
have  mean  motions  greater  than  twice  and  less  than  three  times 
that  of  Jupiter,  and  the  mean  motions  of  none  approximate  closely 
either  of  these,  the  two  simplest  ratios  possible.  The  next  sim- 
plest ratios  lie  beyond  the  limits  of  the  zone ;  that  is,  there  are  no 
asteroids  having  mean  motions  nearly  equal  to  or  less  than  three 
halves  that  of  Jupiter,  and  none  nearly  equal  to  or  greater  than 
four  times  that  of  Jupiter.  There  are  other  cases,  however,  in 
which  the  mean  motions  approximate  very  closely  to  commensura- 
bilities  which,  although  more  complicated  than  those  just  men- 
tioned, are  still  comparatively  simple. 

The  labor  of  determining  the  general  perturbations  and  com- 
puting tables  of  an  asteroid  is  as  great  as  in  the  case  of  a  major 
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planet.  It  is  no  wonder,  therefore,  that  tables  have  been  prepared 
for  scai*ce  a  dozen  of  these  small  bodies,  and  that  these  are  already 
out  of  date.  An  examination  of  the  Berlin  Jahrbuch  will  show 
how  much  labor  is  required  to  determine  their  motions  with  suffi- 
cient accuracy  to  identify  them,  to  prevent  them  from  being  lost, 
and  to  distinguish  them  from  any  new  ones  which  may  be  detected. 
So  far  as  we  are  yet  aware,  their  motions  are  in  exact  accordance 
with  Newton's  law  of  gravity.  Any  divergence  from  that  law,  if 
any  exist,  will  require  many  years,  perhaps  centuries,  of  careful 
and  patient  investigation  to  determine. 

Many  comets  being  visible  to  the  naked  eye,  records  of  them 
extend  back  to  very  early  times.  As  the  number  of  persons  in- 
terested in  astronomy  has  increased,  and  especially  since  the  dis- 
covery of  the  telescope,  the  number  of  these  records  has  continually 
enlarged.  As,  however,  the  ease  with  which  comets  are  detected 
does  not,  beyond  a  certain  limit,  increase  with  the  aperture  of  the 
telescope  employed,  as  in  the  case  of  asteroids,  the  rate  of  their 
discovery  has  not  increased  as  rapidly  as  that  of  the  minor  planets. 
Before  1867  there  were  only  eight  periodic  comets  which  had  each 
been  observed  at  at  least  two  appearances.  Since  that  time  three 
comets  of  short  period  have  been  discovered,  all  by  Tempel,  which 
have  been  observed  at  at  least  two  appearances.  More  recently, 
five  comets  of  short  period  have  been  discovered  by  others,  which, 
with  perhaps  one  exception,  had  not  apparently  been  observed  be- 
fore, and  the  time  for  whose  next  appearance  has  not  yet  arrived. 
The  exception  is  Findlay's  1886  VII  which  may  be  the  same  as 
de  Vico  1844  I.  Quite  recently  returns  have  also  been  observed 
of  two  comets  of  long  period,  those  of  Olbers  and  of  Pons. 

Of  well-known  comets  of  short  period  Encke's,  which  has  the 
shortest  period  of  any,  possesses  the  greatest  interest  to  the  stu- 
dent of  celestial  motions,  since  it  was  from  a  discussion  of  the  or- 
bit of  this  comet  that  Encke  detected  evidence  of  the  existence  of 
a  resisting  medium  which  produces  an  acceleration  in  the  comet's 
mean  motion.  A  more  recent  investigation  by  von  Asten  con- 
firmed Encke's  hypothesis  so  far  as  the  observations  from  1819  to 
1868  were  concerned,  but  showed  that  this  acceleration  did  not 
exist  after  1865.  Backlund,  who  took  up  the  problem  after  the 
death  of  von  Asten,  finds  that  while  the  latter  result  was  due  to 
the  use  of  erroneous  formulae  in  the  computation  of  the  terms  of  the 
second  order  for  the  period  1865  to  1868,  the  acceleration  of  the 
mean   motion  is  nevertheless  diminishing.     Backlund  ends  his 
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memoir  by  a  theoretical  consideration  of  the  action  of  a  resisting 
medium,  and  conclades  that  facts  agree  better  on  the  assumption 
that  tiie  medium  acts  directly  as  the  velocity,  and  inversely  as  the 
square  of  the  radius  vector.  The  investigations  of  Oppolzer  and 
Haerdtl  indicate  that  there  is  an  acceleration  also  in  the  mean 
motion  of  Winnecke's  comet.  These  two  are  the  only  comets 
Tvhose  motions  so  far  as  they  are  known  cannot  be  fully  satisfied 
by  Newton's  law.  The  large  eccentricities  of  the  orbits  of  periodic 
comets  have  thus  far  rendered  it  impracticable  to  compute  tables 
of  their  motions  as  has  been  done  in  the  case  of  planets  and  their 
satellites.  The  general  perturbations  of  Encke's  comet  have  in- 
deed been  partially  determined,  but  the  results  reached,  though 
interesting  and  valuable,  can  by  no  means  be  considered  satisfac- 
tory. 

We  have  thus  glanced  briefly  at  the  present  condition  of  our 
knowledge  of  the  motions  of  the  principal  bodies  of  the  solar  sys- 
tem. Only  four  cases  have  been  found  in  which  we  cannot  fully 
explain  these  motions  so  far  as  known,  by  Newton's  law  of  grav- 
ity. The  unexplained  discordances  are  the  motion  of  the  peri- 
helion of  Mercury,  and  the  accelerations  of  the  mean  motions  of 
the  moon  and  the  two  periodic  comets  just  named.  But  in  each 
case,  except  perhaps  the  first,  there  exists  a  plausible  explanation 
other  than  a  modification  of  Newton's  law. 

If  we  go  beyond  the  solar  system,  we  cannot  tell  whether  New- 
ton's law  does  or  does  not  apply  without  modification  to  all  parts 
of  the  universe.  It  is  principally  in  the  hope  of  answering  this 
question  that  double  star  observations  are  carried  on,  and  in  the 
.case  of  the  many  binary  S3*stems  already  detected,  Newton's  law 
is  satisfied  within  the  errors  of  observation.  Nevertheless,  this 
evidence  is  purely  negative,  and  its  value,  it  seems  to  me,  not  at 
all  commensurate  with  the  labor  expended  upon  it,  unless  it  be 
in  the  case  of  such  objects  as  Sirius,  whose  observations  may  as- 
sist in  the  solution  of  the  problem  of  irregular  so-called  proper 
motion.  The  angles  subtended  are  in  general  so  small  that  rela- 
tively large  personal  errors  are  unavoidable,  so  that,  even  though 
their  motions  be  controlled  by  a  law  or  laws  of  gravity  widely  dif- 
ferent from  that  of  Newton,  it  is  not  likely  that  such  differences 
can  be  proved  with  any  degree  of  certainty.  It  is  rather  to  the 
study  of  the  proper  motions  of  the  fixed  stars  and  of  the  nebulae, 
and  then  only  after  a  lapse  of  hundreds,  and  perhaps  thousands  of 
years,  that  we  must  look  for  a  solution  of  this  question. 
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Oblitkration  from  illumination  (strllar  photomrtry).    By  Henrt 
M.  Parkhurbt,  New  York,  N.  Y. 

[abbtract.] 

In  order  to  establish  the  principle  that  illaraioation  of  the  field  tends  to 
vary  the  scale  of  the  wedge,  I  observed  Arcturus  two  hoars  before  sunset 
with  four  different  apertures  differing  by  half  a  magnitude.  It  required 
about  twenty  minutes  (br  the  approaching  twilight  to  cause  the  star  to  be- 
come visible  with  an  aperture  half  a  magnitude  smaller.  It  required  only 
four  minutes  flrom  the  first  glimpse  of  the  star  with  each  cap  for  the  star 
to  pass  entirely  across  the  wedge  unextinguished.  The  effective  value 
of  the  wedge  under  that  illumination  was  only  about  m.l,  whereas  it  had 
been  determined  to  be  with  a  dark  sky  about  2  m.8.  Daylight  illumination 
reduced  the  effect  of  the  wedge  in  extinguishing  stars  to  less  than  one- 
tenth. 

The  formulae  showing  the  effect  of  illumination  upon  obliteration,  ap- 
plicable to  a  dark  sky,  to  moonlight,  and  to  twilight,  have  been  deduced 
by  an  indirect  process,  observing  the  effect  of  shades.  From  these  for- 
mulffi  subsidiary  tables  have  been  formed,  flrom  which  it  appears  that  there 
is  a  second  difference  amounting  to  m.2  or  m.S,  resulting  ft'om  the  illumi- 
nation of  the  dark  sky  with  a  large  aperture  and  low  power.  For  stars 
always  observed  at  the  same  point  of  a  wedge  this  becomes  a  systematic 
error.  Although  needing  further  verification,  the  substantial  accuracy  of 
these  tables  has  been  confirmed. 

The  ratio  of  illumination  to  obliteration  has  been  approximately  ascer- 
tained, enabling  tables  for  the  application  of  the  second  differences  to  be 
adUusted  to  different  magnifying  powers  and  different  apertures. 

From  observations  at  diffsrent  ages  of  the  moon  and  at  different  dis- 
tances from  the  moon,  including  observations  of  Nova  Orionis  within  2^ 
ft'om  the  ftill  moon,  I  have  formed  tables  of  the  obliteration  by  the  moon- 
light. From  observations  in  the  twilight,  I  have  also  formed  tables  of  ob- 
literation fh>m  twilight.  But  there  remains  to  be  formed  a  table  flrom 
which  the  combined  effect  of  the  two  can  be  ascertained. 

Whenever  the  stars  to  be  observed  are  sufficiently  bright,  I  prefer  to  ob- 
serve them  with  my  deflecting  apparatus  (described  in  Vol.  xvni  of  the 
Annals  of  the  Harvard  Observatory,  in  a  paper  Just  Issued)  which  Is  un- 
affected by  illumination.  But  logarithmic  caps  cut  off  four-fifths  of  the 
light,  so  that  the  wedge  will  measure  stars  lm.7  fklnter.  If  the  neces- 
sary corrections  are  applied,  the  wedge  can  be  used  for  stars  up  to  the 
quadrature  of  the  moon  and  half  an  hour  before  the  end  of  twilight,  which 
could  not  be  seen  at  all  with  the  logarithmic  caps. 

(61) 


62  SECTION  A. 


A  METHOD  OF  RKPRE8RNTING  THE  IMAOINART  ELEMENTS  OF  A  OBOMETRIC 
FIGURE  AND  OF  USING  THEM  IN  CONSTRUCTION.      By  JaMES  McB1aH0N» 

Ithaca,  N.  Y. 

[ABSTRACT.] 

1.  Point-graphs.    Call  the  real  points  (a  ±  a ' ,  &  ±  6 ')  the  graphs  of 
the  conjugate  imaginary  points  (a  ±  ia*,  b  ±  ib').    Harmonic  properties. 

2.  Oraph'locus.  If  a  line  meet  a  conic  in  two  coi^agate  imaginary 
points,  to  find  the  locus  traced  by  the  graphs  of  these  points,  as  the  line 
moves  parallel  to  itself.  To  find  the  real  chords  Joining  the  imaginary  In- 
tersections of  conies,  In  certain  cases. 

8.  Line-graphs.  Call  the  lines  (l±V)  x  +  {m±mf)y  +  (n  ±  n') 
tsa  0  the  graphs  of  the  conjugate  imaginary  lines  (^l±il')  x^  (m  ±  im')  y 
+  (n  ±  in*)  »  0.  These  two  line- pairs  have  the  same  angle-bisectors, 
and  are  cut  by  a  transversal  perpendicular  to  an  angle-bisector  In  an  imag- 
inary point-pair  and  their  real  graph-pair. 

4.  Orthographs  and  skew-graphs.  For  transversals  In  a  given  direction 
not  perpendicular  to  an  angle-bisector,  the  graph-locos  is  easily  con- 
structed ;  It  Is  a  pair  of  lines,  which  may  be  called  the  skew-grapJis  for  the 
given  transverse  direction,  to  distinguish  them  from  the  orthographs  (for 
the  orthogonal  direction).  All  the  graphs  for  different  directions  form  an 
involution,  of  which  the  imaginary  line-pair  are  the  double  lines. 

5.  Given  the  respective  graph-pairs  of  two  Imaginary  points,  not  con- 
jugate, to  construct  (by  means  of  line-graphs)  the  Imaginary  line  Joining 
them ;  and  reciprocally. 

6.  Given  (by  means  of  graphs)  an  imaginary  line  and  an  imaginary  point 
in  It,  to  construct  the  imaginary  line  that  passes  through  the  point  mak- 
ing a  given  angle  with  the  first  line.    Special  applications. 


On  the  value  of  the  solar  parallax  deducible  from  the  Ameri- 
can PHOTOGRAPHS  OF  THE  LAST  TRANSIT  OF  YSNUS.     By  Prof.  Wm. 

Harkness,  Washington,  D.  C. 

[ABSTRACT.] 

In  this  paper  an  account  was  given  of  the  instruments  and  processes 
employed  by  the  United  States  Transit  of  Venus  Commission  to  determine 
the  solar  parallax  fh>m  photographs  of  the  transit  of  Venus  which  oc- 
curred In  December,  1882.  Let  37  be  the  solar  parallax,  and  dA  and  dD  re- 
spectively the  corrections  to  the  right  ascensions  and  declinations  of  Venus 
given  by  Hill's  tables  of  that  planet.  Then,  upon  the  assumption  that 
Hansen's  tables  of  the  sun  are  correct,  there  resulted  from  measurements 
of  the  distances  between  the  centers  of  the  sun  and  Venus  made  upon 
1476  photographs,  taken  respectively  at  Washington,  D.  C. ;  Cedar  Keys, 
Fla. ;  San  Antonio,  Tex.;  Cerro  Boblero,  N.  M.;  Wellington,  South 
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AfHca;  Santa  Cruz,  Patagonia;  Santiago,  Chili;  Auckland,  New  Zealand; 
Princeton,  N.  J. ;  and  the  Lick  Observatory,  Cal. ; 

It    =       8.847"  ±  0.012" 
dA=  +  2.898 
^2>  =  +  1.254 
and  the  corresponding  mean  distance  from  the  earth  to  the  sun  is  92,885,000 
miles,  with  a  probable  error  of  only  125,000  miles. 

These  numbers  are  doubtless  close  approximations  to  the  results  which 
will  be  obtained  from  the  complete  discussion  of  all  the  photographs,  but 
they  cannot  be  regarded  as  final  for  several  reasons,  chief  among  which  is 
the  fact  that  the  reduction  of  the  position  angles  of  Venus  relatively  to 
the  sun's  center  is  still  unfinished.  It  is  likely  that  when  these  angles  are 
combined  with  the  dlsiauces  the  probable  error  of  the  parallax  will  be 
somewhat  reduced. 

The  photographs  taken  at  the  Lick  Observatory  seem  to  Indicate  that 
for  altitudes  four  thousand  feet  above  the  sea  the  values  of  the  refraction 
given  by  the  tables  in  general  use  are  somewhat  too  large. 


The  dikrctional  theory  of  screws.  By  Prof.  E.  W.  Htdb,  Station 
D,  Cincinnati,  Ohio. 

Deflections  of  the  flxtmb-uke  and  variations  of  oravttt  in  the 
Hawauan  islands.  By  Erasmus  D.  Preston,  U.  S.  C.  and  G.  Sur- 
vey, Washington,  D.  C. 


On  a  new  method  of  construction  for  equatorial  domes.    By  Prof. 
G.  W.  Hough,  Director  Dearborn  University,  Chicago,  111. 


On  a  new  catalogue  of  variable  stars.     By  Srth  C.  Chandler, 
Cambridge,  Mass. 

A  NEW  short-period  variable  in  Autua.    By  Prof.  Henrt  M.  Paul, 
U.  8.  Naval  Observatory,  Washlngtou,  D.  C. 


Laws  of  frequency  of  errors  of  interpolated  logarithms,  etc., 
dependent  on  first  differences;  and  a  comparison  of  the  the- 
oretical with  the  actual  distribution  of  the  errors  of  1000 
INTERPOLATED  VALUES.  By  Prof.  R.  S.  WOODWARD,  Gcologlcal  Sur- 
vey, Washington,  D.  C. 

Some  considerations  on  the  fundamental  ideas  of  quaternions. 
By  Prof.  E.  W.  Htdb,  Station  D,  Cincinnati,  Ohio. 
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A    DBSIDKRATT7M   IN   THE   AmKRIGAN   RPHEMERIS.       By  PfOf.    GSORGK    C. 

CoMSTOCK,  Washburn  Observatory,  Madison,  Wis. 


FusiTAMA,  Japan,  as  a  site  for  a  mountain  observatory.    By  Prof. 
David  P.  Todd,  Director  Lawrence  Observatory,  Amherst,  Mass. 
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On  the  measure  of  inclination  of  two  planes  in  space  of  four 
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A  PLEA  FOE  LIGHT  WAVES. 


It  is  no  doubt  universally  conceded  that  no  era  in  the  world's 
history  has  ever  seen  such  immense  and  rapid  strides  in  the  prac- 
tical applications  of  science  as  that  in  which  it  is  our  good  fortune 
to  live.  Especially  true  is  this  of  the  wonderful  achievements  in 
the  employment  of  electricity  for  almost  every  imaginable  pur- 
pose. Hardly  a  problem  suggests  itself  to  the  fertile  mind  of  the 
inventor  or  investigator  without  suggesting  or  demanding  the  ap- 
plication of  electricity  to  its  solution. 

Do  events  in  this  fast  age  follow  so  rapidly  that  the  delays  of 
even  the  fastest  express  trains  and  steamers  are  unendurable — 
the  remedy  is  electricity.  Is  the  labor  of  animals  slow  and  expen- 
sive, or  the  carriage  of  the  motive  power  itself,  as  well  as  its  load, 
dusty,  noisy  and  troublesome  —  the  remedy  is  electricity.  Are  the 
barbarous  tallow  candle  and  the  almost  semi-barbarous  use  of  gas 
for  illumination  totally  inadequate  to  bridge  over  the  hours  of 
night  —  the  remedy  is  electricity. 

It  would  be  wearisome  to  merely  mention  a  tithe  of  the  problems 
already  solved  or  those  on  the  eve  of  successful  solution  —  nor  is 
it  at  all  necessary  to  insist  on  the  richness  of  the  harvest  to  be 
gathered  by  the  successful  experimenter  in  this  fertile  field.  Neither 
is  it  surprising  that  so  many  world-famous  men  should  have  de- 
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voted  almost  their  whole  lives  to  the  pursuit  of  this  most  fascinat- 
ing study. 

In  the  enthusiasm  aroused  by  so  many  wonderful,  beautiful  and 
bewildering  results,  such  vaVied  and  far-reaching  discoveries  in  the 
vast  fields  of  this  subtile  and  powerful  agent,  it  is  not  to  be  won- 
dered at— or  indeed  entirely  to  be  regretted — ^that  possibly  a  great 
deal  of  attention  has  been  diverted  from  the  sister  department  of 
light.  Undoubtedly,  there  have  been  many  important  developments 
and  improvements  in  optical  instruments  —  the  microscope,  the 
telescope,  the  spectroscope  and  the  camera  may  be  said  to  have 
reached  the  point  of  practical  perfection  —  and  it  is  equally  true 
that  the  observations  and  discoveries  made  with  the  help  of  these 
have  more  than  justified  the  high  expectations  which  their  advent 
created.  Certainly  the  wonderful  impulse  the  study  of  biology 
has  received  by  the  revelations  df  the  microscope ;  the  enormous 
increase  in  our  knowledge  of  the  size,  distance  and  motions  of  the 
heavenly  bodies,  due  chiefly  to  the  little  less  than  marvellous 
power  and  precision  of  our  telescopes ;  the  knowledge  of  solar  and 
stellar  physics  —  which  a  few  years  ago  would  have  been  thought 
visionary  if  not  impossible  —  attained  by  the  spectroscope,  now 
so  happily  supplemented  by  the  camera ;  the  insight  gained  into 
the  structure  of  matter  by  spectroscopic  interpretation  of  the  mes- 
sages which  its  molecules  impart  to  the  luminiferous  ether, — these 
are  all  even  more  truly  wonderful  and  important  than  any  of  the 
astonishing  marvels  of  electricity.  But  their  original  conception 
belongs  to  an  era  that  is  past. 

If  we  except  the  exquisite  results  obtained  in  the  manufacture 
and  use  of  diffraction  gratings  and  the  very  important  work  ac- 
complished by  the  bolometer  (a  purely  electrical  invention,  by  the 
way),  it  may  well  be  questioned  whether,  within  the  last  twenty 
years,  there  has  been  a  single  epoch-making  discovery  or  invention 
either  in  theoretical  optics  or  in  its  applications. 

It  may,  perhaps,  be  argued  that  the  department  of  optics  has 
been  fairly  completed ;  that  its  theory  (though  still  imperfect  in 
many  important  points)  has  been  fairly  well  developed  and  the 
range  of  its  applications  fairly  well  understood.  The  unexpected 
wonders  it  has  already  accomplished  make  it  somewhat  hazardous 
to  reply  that  these  same  observations  may  novo  be  applied  to  elec- 
tricity and  magnetism.  Still  it  is  safe  to  say  that  at  any  rate  the 
more  important  facts  and  laws  as  well  as  the  more  promising  lines 
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of  the  development  of  their  applications,  are  now  fairly  well  known, 
and  that  inducements  to  their  further  study  and  development  are 
not  wanting. 

If,  therefore,  physicists  would  devote  a  larger  share  of  their  care- 
ful study  to  the  completion  of  optical  theories  and  to  the  applica- 
tion of  light  as  an  instrument  of  measurement  and  investigation — 
it  need  never  be  feared  that  there  would  be  a  lack  of  electricians 
to  carry  forward  to  their  completion,  upon  lines  already  well  devel- 
oped, the  principles  and  facts  already  known. 

It  is  mainly  with  a  view  of  attempting  to  interest  brother  phys- 
icists and  investigators  in  this  to  me  most  beautiful  and  fascinat- 
ing of  all  branches  of  physical  inquiry  that  I  venture  to  present  a 
limited  number  of  problems  and  I  think  promising  fields  for  inves- 
tigation in  light,  together  with  some  crude  and  tentative  sugges- 
tions as  to  their  solution. 

The  investigations  here  proposed  all  depend  upon  the  phenom- 
enon of  interference  of  light  waves.  In  a  certain  sense  all  light 
problems  may  be  included  in  this  category,  but  those  to  which 
I  wish  to  draw  your  attention  are  specially  those  in  which  a  series 
of  light  waves  has  been  divided  into  two  pencils  which  reunite  in 
such  a  way  as  to  produce  the  well-known  phenomenon  of  interfer- 
ence fringes. 

The  apparatus  by  which  this  is  effected  is  known  by  the  incon- 
venient and  somewhat  inappropriate  name  of  '^  interferential  re- 
fractometer."  Among  the  many  forms  of  the  apparatus  several 
are  fairly  well  adapted  to  the  work  they  have  already  accom- 
plished, but  all  are  open  to  serious  objections.  In  all  the  forms 
which  employ  abroad  luminous  source  of  light,  the  plane  in  which 
the  interference  fringes  are  most  distinct,  is  found  to  vary  rapidly 
with  slight  changes  in  adjustment ;  in  fact,  it  may  happen  that  dif- 
ferent portions  of  the  same  fringe  appear  at  enormously  different  dis- 
tances, so  that  it  is  impossible  to  fix  the  true  position  of  a  fringe 
or  even  to  count  the  number  which  pass  a  given  fixed  point.  This 
very  serious  objection  is  avoided  by  using,  as  the  source  of  light,  a 
narrow  illuminated  slit,  but  of  course  at  a  sacrifice  of  light  and  of 
convenience  and  simplicity.  Both  classes  of  instruments  are  open 
to  the  objection  that  the  two  pencils  are  very  close  together,  rarely 
more  than  a  centimeter  apart.  For  some  purposes  this  may  be  an 
advantage,  but  for  many  purposes  it  is  a  serious  defect.  Finally, 
none  of  the  forms  in  general  use  are  adapted  to  experiments  in 
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which  there  is  a  considerable  difference  in  path  between  the  two 
pencils. 

The  instrument  which  I  had  the  honor  of  describing  to  the  sec- 
tion at  the  last  meeting  is  free  from  all  the  objections  mentioned. 
It  is  simple  in  construction  ;  with  a  little  familiarity  it  is  easily  ad- 
justed ;  it  may  be  used  with  a  broad  luminous  surface ;  the  pencils 
may  be  separated  as  far  as  desired  ;  and  when  properly  adjusted 
tlie  position  of  the  fringes  is  perfectly  definite,^  As  an  additional 
advantage  it  may  be  stated  that  this  is  probably  the  only  form  of 
instrument  which  permits  the  use  of  white  light  (and  therefore  of 
the  identification  of  the  fringes)  without  risk  of  disturbing  the 
position  of  either  surface  by  contact  or  close  approximation.  It 
is  chiefly  this  property  which  renders  this  instrument  peculiarly 
adapted  to  the  comparison  of  standards  of  length. 

As  this  form  of  refractometer  has  already  proved  its  value  in 
several  experiments  already  completed  and  in  the  preliminary  work 
of  others  now  under  way,  I  may  be  permitted  to  recall  the  chief 
points  of  its  construction  and  theory.  A  beam  of  light  falls  on 
the  front  surface  of  a  plane  parallel  piece  of  optical  glass  at  any 
angle — usually  forty-five  degrees — part  being  reflected  and  part 
transmitted.  The  reflected  portion  is  returned  by  a  plane  mirror, 
normal  to  its  path,  back  through  the  inclined  plate.  The  second 
or  transmitted  portion  is  also  returned  by  a  plane  mirror  and  is  in 
part  reflected  by  the  inclined  plate,  thus  coinciding  with  the  trans- 
mitted part  of  the  first  pencil ;  and  the  two  pencils  are  thus  brought 
to  ''  interfere."^  A  little  consideration  will  show  that  this  arrange- 
ment is  exactly  equivalent  to  an  air-film  or  plate  between  two 
plane  surfaces.  The  interference  phenomena  are  therefore  the  same 
as  for  such  an  air-plate. 

If  the  virtual  distance  between  the  plane  surfaces  is  small, 
white  light  may  be  employed  and  we  have  then  colored  fringes  like 
Newton's  rings  or  the  colors  of  a  soap-film.  If  the  distance  ex- 
ceeds a  few  wave  lengths,  monochromatic  light  must  be  employed. 


>  It  may  incidentally  be  mentioned  that  eztraneons  reflections— such  as  usually  ac- 
company most  of  the  phenomena  of  interference—may  be  almost  entiraly  avoided  by  a 
transparent  film  of  silyer  on  the  front  surfiace  of  the  glass  plate  where  the  rays  sepa- 
rate; and  accoi*din8:ly  the  ft-lnges  in  white  light  present  a  purity  and  gorgeousness  of 
coloration  that  is  only  rivaled  by  the  colors  of  the  pularlscope. 

s  A  second  plane  parallel  plate  of  the  same  thickness  and  inclination  is  placed  (for 
compensation)  in  the  path  of  the  first  pencil. 
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We  may  confine  our  attention  to  the  case  of  two  parallel  surfaces. 
Here  it  can  readily  be  shown  that  the  fringes  are  concentric  circles, 
the  common  axis  of  the  rings  being  the  normal  passing  through 
the  optical  centre  of  the  eye  or  telescope.  Further  they  are  most 
distinct  when  the  eye  or  the  telescope  is  focussed  for  parallel 
rays.  In  any  other  case  we  are  troubled  with  the  same  perplex- 
ing changes  of  form  and  position  of  the  fringes  as  already  noted. 

If  now  one  of  the  mirrors  have  a  motion  normal  to  its  surface 
the  interference  rings  expand  or  contract ;  and  by  counting  the 
fringes  as  they  appear  or  disappear  in  the  centre,  we  have  a  means 
of  laying  off  any  given  distance  in  wave  lengths. 

Should  this  work  of  connecting  the  arbitrary  standard  of  length 
—  the  yard  or  the  metre  —  with  the  unalterable  length  of  a  light 
wave  prove  as  feasible  as  it  is  hoped,  a  next  step  would  be  to  fur- 
nish a  standard  of  mass  based  upon  the  same  unit.  It  may  seem 
a  little  like  exaggeration  to  say  that  the  solution  of  this  problem 
may  admit  of  almost  as  high  a  degree  of  accuracy  as  the  preced- 
ing. 

Suppose  a  cube,  ten  centimetres  on  a  side,  with  surfaces  as  nearly 
plane  and  parallel  as  possible.  Next  suppose  a  testing  instrument 
made  of  two  parallel  pieces  of  glass,  whose  inner  surfaces  are 
slightly  farther  apart  than  an  edge  of  the  cube. 

The  parallelism  and  the  distance  of  these  surfaces  can  be  veri- 
fied to  a  twentieth  of  a  wave.  Now  apply  this  testing  instrument 
to  the  three  pairs  of  surfaces  of  the  cube  and  determine  their  form, 
parallelism  and  distance  to  the  same  degree  of  accuracy.  We  have 
thus  the  means  of  measuring  the  volume  of  a  cubic  decimeter  with 
an  error  less  than  one  part  in  a  million. 

A  very  convenient  and  accurate  method  of  making  the  determi- 
nation of  the  weight  of  this  volume  of  water  at  its  maximum  den- 
sity has  been  suggested  by  Professor  Morley,  which  ^consists  in 
making  the  cube  hollow,  so  that  it  will  have  almost  exactly  the 
same  density  as  the  water.  On  weighing  the  cube  in  water  the  ex- 
cess of  weight  may  be  as  small  as  required  and  may  be  most  accu- 
rately measured  by  a  very  light  and  sensitive  balance. 

It  does  not  seem  extravagant  to  say  that  by  some  such  plan  as 
this  we  may  obtain  a  standard  kilogram  which  will  be  related  to 
the  standard  of  length  with  a  degree  of  approximation  far  exceed- 
ing that  of  the  present  standard. 

In  the  manufacture  of  plane  surfaces,  the  only  practicable  method 


72  SECTION   B. 

of  testing  their  accuracy  is  to  place  the  surface  close  to  a  standard 
plane  and  examine  the  appearance  of  the  Newton's  rings  formed 
in  the  air  film  between  them.  This  process  when  executed  with 
proper  care  is  undoubtedly  the  most  accurate,  and,  indeed,  is  the 
only  one  possible  for  producing  a  standard  surface ;  but  it  is  at- 
tended with  a  number  of  inconveniences,  among  which  may  be  men- 
tioned the  use  of  sodium  light,  the  troublesome  reflection  from  the 
first  surface,  the  faintness  of  the  fringes  when  the  surface  to  be 
tested  is  metallic  and  the  difl^culty  of  getting  rid  of  dust  between 
the  surfaces.  All  of  these  inconveniences  are  avoided  by  the  use 
of  the  refractometer.  For  this  purpose  the  apparatus  is  placed  in 
a  vertical  plane,  the  lower  mirror,  which  would  then  be  horizontal, 
is  replaced,  first,  by  the  test  plane  and  then  by  the  surface  to  be 
worked.  The  interference  fringes  in  white  light  can  then  be  con- 
veniently studied  while  the  suiface  is  being  corrected. 

Anotlier  application  of  this  apparatus,  suggested  by  Pi*ofe88or 
Morley,  is  the  measurement  of  coeflScients  of  expansion.  For  this 
purpose  a  bar  is  provided  with  silvered  glass  mirrors  at  each  end 
(both  facing  the  same  way)  and  a  second  bar  of  the  substance  to 
be  examined  and  of  the  same  length  is  furnished  in  the  same  way. 
These  are  placed  in  the  refractometer,  so  that  the  front  mirrors,  as 
well  as  the  rear  ones,  give  interference  fringes  in  white  light.  The 
auxiliary  bar  is  kept  at  zero.  The  bar  to  be  examined  is  heated, 
and  the  fringes  which  pass  at  the  front  surface  are  counted  as  the 
bar  expands,  the  fixity  of  the  rear  mirror  being  controlled  by  the 
colored  fringes  at  its  surface.  In  this  method  the  bars  may  be  a 
meter  in  length,  and,  therefore,  the  accuracy  of  the  determination 
would  be  proportionally  greater  than  in  the  celebrated  experiments 
of  Fizeau,  in  which  the  length  was  limited  to  a  few  millimetres. 

Evidently  the  same  disposition  will  also  serve  for  measurements 
of  coefilcients  of  elasticity,  with  the  evident  advantage  of  study- 
ing the  elastic  properties  of  the  substance  in  thick  rods  or  bars  in- 
stead of  small  wires.  This  method  of  investigation  is  not  limited 
to  the  determination  of  changes  in  length,  but  is  quite  as  applicable 
to  changes  in  density  and  optical  properties ;  particularly  to  the 
effect  on  the  velocity  of  light  in  solids,  liquids  and  gases  due  to 
alterations  in  temperature,  pressure,  or  magnetic  or  electrical  con- 
ditions. 

It  may  be  mentioned  that  a  great  deal  of  valuable  work  has  al- 
ready been  accomplished  in  this  direction.     I  need  only  cite  the 
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very  interestiDg  and  important  experiments  of  Quincke  on  the  com- 
pressibility of  liquids ;  of  Jamin  on  the  variation  of  index  of  re- 
fraction of  water  and  of  Ketteler  and  of  Mascart  on  the  index  of 
refraction  of  gases. 

It  seems  somewhat  curious  that,  while  the  immense  advantage  of 
the  refractrometer  as  an  accurate  means  of  measuring  indices  of 
refraction  has  been  so  fully  appreciated,  its  use  should  be  limited 
to  differential  measurements.  Thus,  while  it  is  easy  to  measure 
indices  of  gases,  since  the  difference  in  optical  path  for  gas  and 
vacuum  is  so  small,  the  indices  of  solids  and  liquids  can  only  be 
determined  in  thin  plates,  and  the  accuracy  of  such  measurements 
must  be  limited  to  that  of  the  estimation  of  the  thickness.  Such 
experiments  may  furnish  the  data  for  very  interesting  and  impor- 
tant conclusions  concerning  the  index  of  refraction  and  specially 
the  anomalous  dispersion  of  intensely  opaque  substances,  such  as 
metals  and  quasi  metallic  bodies.  In  such  work  the  advantage  of 
the  interference  method  over  the  prismatic  must  be  quite  apparent ; 
but  I  hope  to  show  that  for  all  measurements  of  refraction  and  dis- 
persion— for  solids  and  liquids  as  well  as  for  gases — this  method 
promises  results  which  may  far  surpass  those  given  by  the  prism. 

Suppose  a  piece  of  the  substance  cut  in  the  form  of  a  plane  par- 
allel plate.  The  accuracy,  parallelism  and  distance  of  the  surfaces 
in  wave  lengths  may  be  determined  exactly  as  in  the  case  of  the 
proposed  standard  cubic  decimeter.  Next  the  nearest  whole  num- 
ber of  waves  in  the  solid  can  be  determined  either  by  actiial  count 
or  perhaps  more  conveniently  by  a  method  described  in  a  previous 
paper.  The  residual  fractional  parts  of  a  wave  may  also  be  found 
as  there  described,  or  by  direct  observation  of  the  interference  rings 
between  the  two  surfaces. 

The  measurement  of  the  index  of  refraction  of  a  liquid  is  even 
more  simple.  A  vessel  is  made  with  plane  parallel  sides,  and  the 
number  of  waves  between  the  inner  surfaces  determined,  first,  when 
empty  and  then  when  filled  with  liquid. 

The  ratio  of  these  two  numbers  will  be  the  index  of  refraction. 
It  will  be  noted  that  the  only  observations  required  in  this  process 
are  the  counting  of  two  numbers ;  and  as  Professor  Mendenhall 
has  aptly  remarked,  a  mistake  in  counting  of  a  whole  number  is 
not  an  error  but  a  blunder. 

A  blunder  very  easy  to  make,  be  it  noted,  in  dealing  with  such 
large  numbers  as  two  or  three  hundred  tboasand^  but  whose  chance 
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of  occurring  may  be  indefinitely  diminisfaed  by  making  several  in- 
dependent observations  with  different  kinds  of  light. 

Perhaps  one  of  the  most  important  applications  of  the  method 
is  the  determination  of  the  wave  length  of  standard  lines,  both 
relative  and  absolute.  In  the  paper  above  referred  to,  it  was  stated 
that  the  maximum  difference  of  path  at  which  interference  fringes 
are  visible,  had  been  increased  to  over  two  hundred  thousand 
waves  (Fizeau's  number  is  50,000)  by  using  light  from  highly  rare- 
fied sodium  vapor  in  an  exhausted  tube.  Since  then  I  have  ob- 
served interference  under  similar  conditions  with  thallium  with  a 
difference  of  over  three  hundred  and  seventy  thousand  waves,  and 
with  mercury,  with  a  difference  of  more  than  five  hundred  and  forty 
thousand  waves. 

By  repeated  measurements,  of  the  diameters  of  the  interference 
rings,  the  fractions  of  a  wave  can  be  found  to  within  a  fiftieth — which 
means  that  the  number  of  waves  in  this  fixed  distance  can  be  found 
to  within  less  than  one  part  in  twenty-five  million.  Any  two  kinds 
of  light  of  this  degree  of  purity  can  be  compared  with  this  same 
precision.  The  accuracy  of  the  measurement  of  absolute  wave- 
lengths will  of  course  depend  on  the  accuracy  with  which  the  fixed 
distance  can  be  compared  with  the  standard  meter ;  and  this  may 
be  estimated  as  one  part  in  two  million. 

The  results  of  the  remarkable  work  of  Rowland  do  not  claim  a 
much  greater  degree  of  accuracy  than  one  part  in  half  a  million 
for  relative  determinations ;  while  the  elaborate  research  of  Bell 
on  absolute  wave-lengths  claims  but  one  in  two  hundred  thousand. 

We  have  thus  at  any  rate  a  veiy  promising  method  of  excelling 
by  far  the  best  results  that  can  possibly  be  obtained  by  the  most 
perfect  gratings. 

It  may  possibly  help  to  realize  the  very  considerable  superiority 
of  this  instiiiment  over  the  grating — at  any  rate  for  the  class  of 
work  in  question  —  if  I  recall  to  your  attention  the  fact  that  by  its 
means  it  has  been  possible  to  show  that  the  red  line  of  hydrogen 
is  a  ver3'  close  double.  A  short  time  ago  the  same  was  found 
true  of  the  green  thallium  line.  Both  these  lines  are  something 
like  a  fiftieth  of  the  distance  of  the  sodium  lines,  and  like  these 
are  of  unequal  intensity.  It  is  even  possible  to  measure  this  very 
small  interval  easily  to  within  a  fourth  of  one  per  cent.  Following 
are  the  numbers  obtained  for  the  distance  from  one  maximum  or 
minimum  of  distinctness  to  the  next : — 
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Maxima  Minima 

1.025  1.012 

1.050  1.012 

1.025  1.050 

1.017  1.083 

1.000  1.025 

1.038  .     1.000 

1.021  *     1.017 


Mean  1.025  1.021 

One  unit  means  a  distance  of  24.6  mm.  which  gives  for  the  aver- 
age distance  25.2  ram.  and  for  the  ratio  of  the  wave-lengths  of  the 
two  lines  1.0000212. 

Closely  connected  with  the  preceding  investigations  is  the  study 
of  the  effect  of  the  temperature,  thickness,  and  density  of  the 
source  on  the  composition  of  the  radiations,  as  shown  by  the  sym- 
metrical or  unsymmetrical  broadening  of  the  spectral  lines  and  the 
consequent  shifting  of  their  mean  position.  This  question  has 
quite  recently  been  taken  up  by  H.  Ebert  and  the  results  he  has 
already  obtained  are  very  promising.  The  principal  effects  noted 
are :  first,  the  shortening  of  the  difference  of  path  at  which  inter- 
ference can  be  observed  ;  secondly,  the  shifting  of  the  fringes  as 
the  mean  wave  length  changes.  Ebert  has  sliown  that  the  inter- 
ference method  is  far  more  delicate  than  the  spectroscopic ;  and  by 
its  means  he  has  established  two  conclusions  which,  if  verified,  are 
of  the  greatest  importance — namely ;  first,  that  the  chief  factor 
in  the  broadening  of  the  spectral  lines  is  the  increase  in  density 
of  the  radiating  body ;  secondly,  t!iat  the  broadening,  in  all  the 
cases  examined  is  unsymmetrical — causing  a  displacement  of  the 
line  toward  the  red  end  of  the  spectrum.  The  importance  of  these 
conclusions,  in  their  relation  to  the  proper  motions  of  the  heavenly 
bodies  and  their  physical  condition,  can  hardly  be  overestimated. 
The  value  of  results  of  this  kind  would,  however,  be  much  enhanced 
if  it  were  possible  to  find  a  quantitative  relation  between  the  density 
of  the  radiating  substance  and  the  nature  of  its  radiations.  In  the 
case  of  hydrogen  enclosed  in  a  vacuum  tube  this  could  readily  be 
accomplished.  It  may,  however,  be  objected  that  it  would  be  diffi- 
cult in  this  case  to  separate  the  effects  of  increased  density  from 
those  due  to  the  consequent  increase  in  the  temperature  of  the 
spark.  The  problem  of  the  temperature  of  the  electric  discharge 
in  rarefied  gases  is  one  which  has  not  yet  been  solved.  In  fact  it 
may  seriously  be  questioned  whether  in  this  case  temperature  has 
anything  to  do  with  the  accompanying  phenomena  of  light ;  and  it 
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appears  to  me  much  more  reasonable  to  suppose  that  the  vibratory 
motion  of  the  molecules  is  not  produced  by  collisions  at  all  but 
rather  by  the  sudden  release  of  tension  in  the  surrounding  ether. 

Whether  true  or  not,  the  results  obtained  and  interpreted  by  this 
hypothesis  would  be  of  great  interest.  The  method  could  be  ap- 
plied directly  to  any  substance,  mercury  for  instance,  for  which  the 
relation  between  the  temperature  and  the  pressure  is  known.  For 
substances  for  which  this  reflation  has  not  been  established,  as  so- 
dium, thallium,  etc.,  the  density  may  be  found  by  heating  the  sub- 
•atance  in  a  tube  closed  with  plane  parallel  glass  ends  and  measuring 
lits  index  of  refraction.  The  density  will  be  very  approximately 
.proportional  to  the  excess  of  this  index  over  unity. 

Aside  from  its  application  to  this  problem,  it  seems  highly  prob- 
:able  that  this  method  of  measuring  the  density  and  pressure  of  va- 
pors may  be  made  to  yield  excellent  results  in  cases  where  these 
are  far  too  small  to  be  measured  directly. 

It  may  not  be  entirely  out  of  place  in  this  connection  to  present 
.a  few  observations  concerning  the  causes  of  the  broadening  of  the 
spectral  lines.  It  seems  to  me  that  by  a  thorough  and  systematic 
>8tudy  and  discussion  of  this  phenomenon  we  have  a  possible  means 
.  of  materially  Increasing  our  knowledge  of  a  subject,  of  which  we  are 
:at  present  in  almost  total  ignorance :  namely,  the  i*eal  action  of  the 
tforces  and  motions  of  vibrating  atoms  and  of  the  ether  which  trans- 
mits these  vibrations  In  the  form  of  light. 

The  possible  causes  of  the  broadening  of  spectral  lines  are  as 
follows : — 

First,  the  addition  of  vibrations  of  periods  differing  from  the 
normal  period,  due  to  the  influence  of  neighboring  molecules ;  sec- 
ondly, the  effect  on  the  wave  length  due  to  the  velocity  of  the 
molecules. 

It  is  evident  on  considering  the  second  cause,  that  it  could  not 
possibly  account  for  more  than  a  small  fraction  of  the  effects  ob- 
served. For  example,  to  effect  a  change  in  wave-length  corre- 
sponding to  the  difference  between  the  two  sodium  lines,  would 
require  velocities  of  the  order  of  three  hundred  thousand  meters 
per  second,  over  a  hundred  times  as  great  as  the  velocities  given 
by  the  kinetic  theory.  But  it  is  also  clear  that  when  a  gas  is  so 
rarefied  that  the  first  cause  cannot  possibly  produce  any  percepti- 
ble effect,  the  second  cause  would  be  quite  sufi9cient  to  limit  the 
fineness  of  the  lines,  and  to  impose  a  definite  limit  to  the  difference 
of  path  at  which  interference  is  visible ;  and  it  is  worthy  of  note 
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that  the  actual  limits  observed  are  of  the  same  order  of  magnitude 
as  those  given  by  the  kinetic  theory. 

There  is  still  a  third  cause  which  might  limit  this  distance,  but 
which  would  not  have  any  effect  in  broadening  the  lines ;  namely, 
the  diminution  in  the  amplitude  of  the  vibrations  after  collision. 
There  must  be  such  a  diminution  and  it  would  evidently  be  the 
more  marked  the  more  rapidly  the  energy  was  transferred  to  the 
ether,  that  is,  the  brighter  the  light.  If  the  effects  due  to  this  cause 
alone  could  be  separated  from  the  others  it  would  be  possible  to 
measure  the  diminution  in  amplitude  and  therefore  the  rate  of  trans- 
ference of  the  energy.  Thus  it  may  be  shown  that  a  vibrating  so- 
dium atom  gives  up  to  the  surrounding  ether  less  than  six  millionths 
of  its  energy  at  every  oscillation. 

Returning  to  the  first  and  chief  cause  of  broadening,  it  may  be 
remarked  that  the  universal  opinion  of  scientific  men  seems  to  be 
that  during  collisions  between  the  molecules  the  vibrations  are  en- 
tirely ^'irregular ;"  and  the  longer  the  collisions  last  in  proportion 
to  the  time  between  collisions,  the  more  intense  will  be  the  light 
due  to  these  ''  irregular"  vibrations,  and  consequently  the  broader 
the  lines  and  the  more  impure  the  light. 

The  following  consideration  would  seem  to  show  that  this  ex- 
planation will  not  hold. 

If,  in  the  refractometer,  so  frequently  referred  to,  white  light  be 
used,  all  phenomena  of  interference  are  lost  to  sight  when  the  dif- 
ference of  path  exceeds  a  few  wave  lengths,  for  the  well-known  rea- 
son that  the  fringes  due  to  the  infinite  number  of  different  kinds  of 
light  are  superposed,  thus  producing  a  uniform  illumination.  If 
now  this  light  be  analyzed  by  a  spectroscope,  the  spectrum  will 
be  traversed  by  well-marked  interference  fringes  which  are  the  finer 
and  closer,  the  greater  the  difference  of  path  of  the  interfering  pen- 
cils. Now,  I  have  observed  such  interference  fringes  in  the  white 
light  from  the  incandescent  carbons  of  an  arc  light  when  this  differ- 
ence amounted  to  thirty  thousand  waves.  And  it  may  be  added  that 
this  limit  was  reached  by  the  closeness  of  the  lines  rather  than  by 
their  indistinctness. 

It  seems  to  me  that  the  only  conclusion  which  can  be  drawn 
from  this  experiment  is  that  in  the  light  from  an  incandescent  solid 
the  vibrations  must  be  isochronous  for  at  least  thirty  thousand 
waves.  The  same  observation  applies  also  to  the  so-called  'Mrreg- 
ular"  vibrations  of  the  broadened  sodium  lines,  for  tlie  same  limit 
(about  thirty  thousand  waves  was  also  observed  in  this  case).  The 
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inference  seems  irresistible  that  the  broadening  is  not  caused  by 
"  irregular"  vibrations,  but  by  the  addition  of  vibrations  whose  in- 
tensity is  greater  the  nearer  their  period  is  to  that  of  the  normal 
vibrations  and  which  may  be  almost  if  not  quite  as  regular  as  the 
normal  vibrations  themselves. 

If  these  conclusions  be  granted  we  must  profoundly  modify  our 
conception  of  radiation  in  solids  and  liquids,  or  at  least  that  part  of 
it  which  supposes  that  such  radiation  produces  a  continuous  spec- 
trum because  the  molecules  have  no  "  fi'ee  path,"  and,  therefore, 
no  proper  periodic  vibrations. 

What,  then,  is  the  nature  of  the  effect  produced  by  the  collision 
of  molecules?  If  it  be  to  produce  or  reinforce  vibrations  differing 
from  the  normal  type,  it  must  be  granted  that  these  new  vibra- 
tions are  isochronous.  If  so,  they  must  be  due  either  to  a  change 
in  the  form  or  in  the  mass  of  the  molecule  itself  produced  by  col- 
lision, such  changes  tending  to  revert  back  to  the  type  when  the 
frequency  of  the  collisions  is  not  too  great.  The  only  alternative 
is  to  suppose  that  the  molecules  differ  among  themselves,  either  in 
form  or  weight.  In  this  case,  the  molecules  agreeing  most  nearly 
with  the  type  and  hence  having  a  proper  period  differing  but  little 
from  the  normal  would  be  more  easily  set  in  vibration  than  the 
others,  or  their  vibrations  once  started  would  outlast  the  others. 
Accordingly,  when  a  gas  is  very  much  rarefied,  the  collisions  are 
few,  hence  only  the  typical  vibrations  persist ;  but  when  the  colli- 
sions are  frequent  the  other  vibrations  are  also  sustained. 

I  fear  I  have  wandered  so  far  from  the  subject  of  this  address, 
if  such  a  name  be  at  all  appropriate,  ever  to  return  ;  and,  though 
many  other  interesting  and  important  applications  of  light- waves 
clamor  for  recognition,  I  fear  they  would  be  wearisome  even  to 
enumerate. 

I  fear  also  that  it  may  with  some  justice  be  said  that  I  have 
made  a  plea  for  my  own  instruments  and  theories,  rather  than  ''a 
plea  for  light  waves ;"  and  still  more  that  I  have  presented  many 
crude  and  half  digested  ideas,  when  it  would  have  been  more  to  the 
purpose  to  present  facts  and  results  of  diligent  study  and  careful 
experiment. 

In  extenuation  and  in  conclusion  I  can  only  hope  that  if  I  have 
created  the  slightest  interest  in  the  matters  here  presented  for  your 
consideration,  if  there  be  any  chance  that  even  a  few  of  the  seeds 
may  germinate,  grow,  blossom  and  bring  forth  fruit  worthy  of  ac- 
ceptance, my  purpose  will  be  accomplished. 
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On  THB  diffusion  of  HBAT  in  HOMOOENBOUS  REOTANGULAR  MAS8IE6,  WITH 
SPECIAL  REFERENCE  TO  BARS  USED  AS  STANDARDS  OF    LENGTH.       By 

R.  S.  Woodward,  U.  S.  Geological  Sarrey,  Washington,  D.  C. 

[ABSTRACT.'! 

This  paper  discusses  the  laws  of  dlflnision  of  heat  In  rectangular  masses 
of  any  dimensions,  and  alms  to  give  to  the  varioas  problems  that  arise, 
solntions  which  may  be  readily  used  in  computing  numerical  results. 

The  assumptions  on  which  the  work  is  based  are  the  following :  (1) 
that  the  mass  has  initially  a  uniform  temperature;  (2)  that  it  cools  or 
heats  in  a  medium  of  sensibly  constant  temperature ;  (8)  that  the  ex- 
terior and  interior  conductivity  and  thermal  capacity  of  the  mass  remain 
constant. 

Starting  from  Fourier's  solution  of  the  general  problem  defined  above, 
the  obstacles  met  In  applying  that  solution  are  pointed  out.  Fourier's 
method  requires  a  certain  number  of  the  roots  of  the  three  transcendental 
equations  which  express  the  boundary  conditions  of  the  mass.  The  new 
solution  either  avoids  the  difficulty  of  determining  those  roots  altogether, 
or  makes  use  of  the  first  root  only  of  each  eqaatlon.  Incidentally,  how- 
ever, methods  of  computing  the  roots  are  given. 

The  pervading  idea  of  the  investigation  is  this,  viz. :  to  separate  the 
terms  independent  of  from  those  dependent  on  the  exterior  conductivity, 
or  emissivity.  In  accordance  with  this  idea,  the  problem  divides  itself 
into  two  cases,  in  the  first  of  which  the  ratio  formed  by  the  product  of 
the  emissivity  and  a  linear  dimension  of  the  mass  is  less  than  unity,  and 
In  the  second  of  which  that  ratio  is  greater  than  unity. 

Formulas  for  certain  average  temperatures  of  special  interest  relative 
to  standards  of  length  are  given,  viz. :  the  average  temperature  of  the  whole 
mass,  of  any  face  and  of  the  axis  of  a  bar. 

Special  attention  is  given  to  the  needs  of  the  computer  in  the  deriva- 
tion and  arrangement  of  formulas,  and  the  application  of  nearly  every 
formula  is  illustrated  by  a  numerical  example. 

1  The  paper  will  be  pabliahed  In  foil  in  Annals  of  Mafhematics,  Vol.  4,  No.  4. 
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A  KOTB  UPON  RETINAL   PHOTOORAFHT.      Bj  ChARLES  A.  OUVER,  M.D., 

1507  Locust  St.,  Philadelphia,  Fa. 

[ABSTRACT.] 

In  a  desire  to  place  upon  record  the  author's  progress  In  this  direction, 
he  would  state  that  at  the  present  writing  (July,  1888)  he,  in  conjunction 
with  Dr.  Wharton  Sinlcler,  has  obtained  a  fixed  and  easily  adjusted  appa- 
ratus consisting  of  an  ophthalmoscopic  attachment  to  a  small  field  camera 
that  can  be  adjusted  to  any  position,  a  boxed  oil  light  so  arranged  that 
the  emergent  rays  pass  through  a  two  inch  focus  biconvex  lens  before  be- 
coming impinged  upon  the  ophthalmoscopic  mirror,  a  small  fixed  head- 
rest for  the  subject,  and  a  spectacle  tnme  lens  attachment  to  be  placed 
before  the  subject's  eye.  The  experiments,  which  were  at  first  conducted 
with  the  artificial  eye  of  Perrin  and  which  resulted  in  negatives  with 
clearly  cut  discs  of  about  twenty-five  millimetres  in  their  long  diameter, 
surrounded  by  an  area  of  one  hundred  millimetres  upon  which  the  reti- 
nal vessels  and  gross  changes  in  the  retina  and  choroid  could  be  plainly 
seen  for  nearly  seventy-five  millimetres  area  around  the  disc,  the  whole 
being  entirely  devoid  of  any  disturbing  light  refiexes  (these  were  untouched 
and  unremagnified),  have  now  been  transferred  to  studies  with  the  living 
human  eye.  Here  the  only  difficulties  have  been  the  interfering  corneal  re- 
fiex  and  the  heat  experienced.  The  latter  has  been  successfblly  combatted 
by  resource  to  Dr.  Howe's  alum  bath,  while  the  former  is  the  part  of  the 
subject  now  under  experiment.  The  entire  method  with  a  tall  description 
of  the  completed  apparatus  will  be  published  as  soon  as  obtained. 


The  qualfty  of  musical  sounds.     By  W.  LeConte  Stevens,  Brook- 
lyn, N.  Y. 

[ABSTRACT.] 

In  this  paper  a  brief  sketch  is  given  of  the  method  adopted  by  Helm- 
holtz  In  his  Investigation  on  musical  quality,  which  resulted  in  the  conclu- 
sion that  ^'dlflierences  in  musical  quality  of  tone  depend  solely  on  the 
presence  and  strength  of  partial  tones,  and  in  no  respect  on  the  diflSerences 
of  phase  under  which  these  partial  tones  enter  into  composition." 

A  r^sum^  is  given  of  a  paper  on  the  **  Beats  of  Imperfect  Harmonies," 
read  by  Sir  William  Thomson  in  1878  before  the  Boyal  Society  of  Edin- 
burgh, in  which  he  expresses  conclusions  inconsistent  with  those  pre«i 
viously  reached  by  Helmholtz. 

A  description  is  then  given  of  the  wave  siren  invented  by  Budolph  Eoe- 
nlg  of  Paris,  for  the  purpose  of  testing  the  effect  of  change  of  phase  on 
quality  of  tone.    This  instrument  was  brought  to  America  a  few  years  ago. 
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bat  was  injured  in  transit  so  that  it  could  not  be  operated.  It  has  since 
been  Airther  improved.  The  writer  has  had  an  opportunity  to  test  its  ac- 
tion in  company  with  M.  Koenig,  and  believes  that  through  this  instru- 
ment the  truth  has  been  established,  that  variation  in  phase  among  the 
components  of  a  compound  sound  is  a  distinct  element  in  determining 
musical  quality.    Helmholtz's  view  is  that  generally  found  in  text-books. 


On  DYNAnncALUKiTS.    By  Prof.  T.  C.  Mendbnhaxl,  President  of  Rose 
Polytechnic  Institute,  Terre  Haute,  Ind. 

[▲B8TRAGT.] 

Confusion  exists  in  the  use  of  the  terms  weight  and  masSj  much  of  which 
arises  out  of  the  use  of  the  word  pound  in  two  senses.  It  is  generally  and 
properly  used  both  as  a  unit  of  mass  and  as  a  unit  of  force.  This  fact 
should  be  clearly  recognized  in  text-books  of  engineering  and  it  is  desira- 
ble that  the  pound  as  a  unit  of  force  should  be  accurately  defined.  The 
definition  suggested  is  that  it  is  the  force  of  attraction  between  the  unit  of 
mass  called  a  pound  and  the  earth.  Dynamical  equations  should  be  freed 
Arom  **g"  (gravity),  the  units  being  poundals,  if  force,  or  foot-poundals  if 
work.  These  can  afterward  be  units  reduced  to  the  more  common  gravita- 
tion units  if  desired. 


Protection  of  watches  against  magnetism.    By  C.  J.  H.  Woodbury, 
Boston,  Mass. 

[ABSTRACT.] 

The  growing  and  even  general  use  of  electricity  for  illumination  and  for 
the  transmission  of  power  has  added  much  to  the  knowledge  of  electrical 
phenomena,  and  also  called  the  general  attention  of  the  public  to  matters 
long  known  to  those  familiar  with  physical  science. 

Public  attention  was  first  called  to  the  infiuence  of  magnetism  on  watches 
at  the  Paris  Electrical  Exposition,  where  visitors  could  leave  their  watches 
near  the  entrance. 

My  first  experience  with  the  efl'ects  of  electricity  on  a  watch  were  de- 
cidedly unpleasant;  for  I  was  struck  by  lightning  in  July,  1881,  at  a  time 
when  I  was  thoroughly  drenched  with  water.  The  only  permanent  damage 
was  received  by  my  watch,  which  was  marked  on  the  back  of  the  case 
with  two  straight  black  stripes,  each  about  half  an  inch  in  width,  extend- 
ing across  the  back  and  Joined  together  at  one  end  like  a  letter  V.  Three 
of  the  arbors  in  the  movement  were  broken,  but  there  was  no  discolora- 
tion except  on  the  outside. 

Another  watch,  which  possessed  a  remarkably  uniform  rate  and  was 
highly  valued  for  its  accuracy,  yielded  to  the  temptation  ofibred  by  the 
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magnetic  fields  around  dynamos  and  became  very  nncertaini  losing  time  at 
irregular  intervals  and  at  varying  rates. 

The  usual  methods  of  demagnetization  were  all  tried  with  the  result 
of  lessening  the  evil,  but  not  removing  it,  as  it  seemed  to  be  impossible 
to  bring  baclc  the  movement  to  the  old  rate. 

It  is  surprising  how  weak  a  magnetic  field  will  stop  a  watch,  a  small 
magnet  being  sufficient  for  the  purpose ;  and  far  weaker  magnetic  fields 
will  interfere  with  the  rate  of  a  watch  to  an  extent  which  will  injure  its 
value  as  a  timepiece. 

There  are  two  types  of  attachments  designed  to  protect  watches  against 
magnetism ;  one  being  a  small  disc  of  iron  taking  the  place  of  the  inner 
cover  of  a  watch  case ;  and  the  other  a  box  or  case  surrounding  the  watch 
case,  like  the  outer  case  of  a  bull's  eye  watch.  Without  endorsing  any  of 
the  extreme  statements  declared  to  be  flindamental  principles  of  magnet- 
ism by  those  engaged  in  the  sale  of  either  of  these  devices,  it  is  evident 
that  any  magnetic  body  will  distort  lines  of  force  in  a  magnetic  field ;  and 
it  was  considered  worth  while  first  to  submit  the  metal  case  to  direct  ex- 
periment. 

The  magnet  used  was  a  small  dynamo  containing  cast  iron  to  the  weight 
of  about  four  hundred  and  fifty  pounds.  The  armature  was  disconnected 
Arom  the  apparatus  and  the  field  coils  connected  to  an  electric  circuit,  in 
order  that  the  watches  should  not  be  subjected  to  Jar  from  a  revolving 
armature. 

A  circular  piece  of  cardboard  was  placed  in  the  case  and  dusted  over 
vwith  iron  filings  which  had  not  been  magnetized,  and  the  box  was  closed 
;  and  placed  on  a  block  of  wood  a  foot  from  one  of  the  poles  of  the  magnet- 

An  electric  current  sufficient  to  saturate  the  magnet  passed  through  the 
I  field  coils  for  a  few  moments,  and  the  circuit  was  broken  before  the  case 
\was  opened  in  order  that  the  contents  should  not  be  directly  exposed  to 
.any  attraction  except  what  was  transmitted  through  the  iron  forming  the 
case.  On  opening  the  case  it  was  seen  that  the  iron  filings  had  been 
drawn  towards  one  side  of  the  card  and  arranged  in  strlsd  in  the  ordinary 
manner  whenever  they  are  exposed  to  a  magnetic  field. 

A  watch  which  had  been  set  to  exact  time  with  one  in  an  extreme  part 
of  the  room  was  placed  in  the  case,  and  in  a  like  manner  exposed  to  the 
magnetic  field  for  five  minutes.  When  the  case  was  opened  it  was  found 
that  the  watch  had  stopped  at  the  instant  that  the  magnet  was  charged ; 
and  the  movement  has  been  magnetized  to  an  extent  which  has  robbed  it 
of  any  present  value  as  an  accurate  timepiece. 

As  it  was  evident  that  the  case  did  not  adequately  protect  the  watch, 
experiments  were  not  made  with  the  shield  referred  to,  which  contained 
a  small  fraction,  perhaps  one-tenth,  as  much  metal  as  the  case. 

These  watches  were  not  exposed  to  any  more  severe  tests  of  magnetism 
than  would  be  liable  to  be  offered  to  a  watch  worn  on  the  person  of  one 
around  a  dynamo  or  motor,  except  that  a  passenger  in  a  motor  car  would 
naturally  be  in  a  sitting  position  and  the  watch  would  be  exposed  for  a 
longer  time  to  any  lines  of  force  than  would  be  the  case  around  a  dynamo, 
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where  the  person  would  not  probably  remain  in  a  stationary  position  so 
long  a  time. 

Some  time  ago  I  examined  a  watch  containing  the  inventions  of  C.  A. 
Paillard,  of  Geneva,  in  which  the  hair  spring  and  balance  were  made  of 
alloys  of  palladium,  the  escapement  being  made  of  steel,  and  found  that 
although  a  weak  magnetic  field  did  not  produce  any  apparent  effect  upon 
the  movement,  yet  it  was  stopped  by  exposure  to  a  very  strong  attraction. 

This  difficulty  would  be  intermittent  in  its  nature  even  under  the  ex- 
treme conditions  of  magnetic  force  which  stopped  the  watch,  because  the 
balance  and  hair  spring  were  composed  of  non-magnetic  alloys. 

Subsequently,  when  the  same  make  of  watches  were  produced  contain- 
ing the  whole  escapement  as  well  as  balance  and  hair  8pi*ing  composed  of 
alloys  of  palladium,  I  exposed  one  to  the  tests  mentioned  above  without 
stopping  it  or  interfering  with  its  rate. 

It  Is  probable  that  long  continued  exposure  to  an  intense  magnetic  field 
would  tend  to  accelerate  the  rate  of  such  a  watch,  because  the  resistance 
to  cutting  the  lines  of  force  would  sllshtly  reduce  the  length  of  the  arc  of 
vibration  and  therefore  Increase  the  number  of  beats  during  a  given  time ; 
but  I  have  not  had  time  to  learn  by  experiment  whether  these  conditions 
of  continuous  exposure  to  an  intense  magnetic  field  could  under  any  cir- 
cumstances affect  the  rate  of  such  a  watch.  It  is  evident,  however,  that 
a  watch  worn  on  the  person  would  not  be  exposed  for  a  sufficient  length 
of  time  to  receive  any  modification  of  rate.  In  any  event,  such  influence 
npon  rate  would  not  be  permanent,  but  would  continue  only  while  the 
rapidly  moving  parts  were  cutting  lines  of  force  in  a  magnetic  field. 

The  alloys  of  palladium  referred  to  possess  an  elasticity  comparable  to 
steel,  as  is  shown  by  their  practical  operations  in  watches  and  chronom- 
eters. It  is  undoubtedly  not  oxidlzable  in  moist  air ;  and  the  alloys,  being 
composed  of  both  paramagnetic  and  dlamagnetic  metals,  must  approx- 
imate more  or  less  closely  to  a  neutral  substance. 

Several  of  the  types  of  watches  made  in  this  country  and  in  Europe  have 
contained  non-magnetic  movements,  using  alloys  of  other  metals  than 
palladium. 

The  present  extensive  use  of  dynamos,  and  the  prospective  general  in- 
troduction of  motors,  especially  npon  street  railways,  will  render  watches 
which  are  unaffected  by  magnetism  a  general  necessity  to  all  desiring  ac- 
curacy in  their  watches. 


Some  photographic  rxpbrimrnts  on  thr  color  of  thr  sky.     By 
Prof.  Frank  P.  Whitman,  Adelbert  College,  Cleveland,  Ohio. 

[ABSTBAOT.] 

Lord  Raylriqh,  in  discussion  of  TyndalPs  theory  of  the  color  of  the 
sky,  showed  that  the  scattering  of  light  from  small  particles  is  sufficient 
to  explain  most  of  the  phenomena  connected  with  skylight,  especially  Its 
color  and  polarization.  His  experiments  on  the  subject  seemed  to  sub- 
stantiate the  theoQU 


84  SECTION    B. 

In  1879  O.  £.  Meyer  found  that  diflflised  daylight,  which  is  practically 
skylight,  showed  in  comparison  with  direct  sunlight  a  preponderance  not 
of  the  shorter,  but  of  the  longer  wave-lengths,  making  daylight  reddish 
relatively  to  sunlight. 

Prof.  £.  L.  Nichols,  in  1885,  found  skylight  to  differ  on  the  whole  f^m 
white  light  less  than  that  reflected  from  most  white  substances,  so  called. 
He  made  the  hypothesis  that  the  blue  of  the  sky  is  mainly  subjective,  due 
to  the  well-known  sensitiveness  of  the  eye  to  short  wave-lengths  under 
faint  illumination. 

The  author  has  attempted  to  bring  these  conflicting  results  to  a  definite, 
thou£ch  qualitative  test,  by  means  of  photography,  thus  avoiding  compli- 
cations arising  from  peculiarities  in  the  eye. 

The  ordinary  gelatino-bromlde  plate  is  chiefly  sensitive  to  the  shorter 
wave-lengths.  If  it  be  bathed  in  a  solution  of  erythrosine  and  exposed 
in  the  camera  behind  a  yellow  screen,  the  greatest  sensitiveness  will  be 
found,  not  in  the  blue,  but  In  the  yellow. 

Suppose  two  objects,  one  blue,  the  other  white,  but  of  such  brightness 
that  both  send  the  same  amount  of  blue  light  to  the  camera.  If  they  are 
photographed  in  the  same  fleld,  the  images  will  appear  on  the  blue-sensi- 
tive plate  of  equal  intensity,  while  on  the  yellow-sensitive  plate  the  white 
object  will  make  the  stronger  impression. 

Various  white  objects  Illumlnnted  by  the  sun  were  photographed  against 
a  blue  sky  on  these  two  kinds  of  plates.  More  than  thirty  photographs 
were  taken  of  the  moon  in  fUll  daylight.  Six  were  made  from  a  block  of 
magnesium  carbonate.  White  clouds  were  photographed  in  a  blue  sky 
aud  landscapes  photographed  in  which  a  blue  haze  obscured  the  distance. 

All  these  experiments  led  to  similar  results.  The  object  photographed 
on  the  blue-sensitive  plate  was  faint,  or  hardly  distinguishable  from  the 
background  of  the  sky,  while  on  the  yellow-sensitive  plate  the  image  was 
clear  and  strong. 

The  results  seem  to  prove  conclusively  that  the  light  Trom  the  sky  is 
distinctly  blue,  and,  as  far  as  they  go,  to  uphold  the  theory  and  experi- 
ments of  Tyndall  aud  Rayleigh. 


On  a  mkthod  of  dktermining  the  SMissivrrr  of  a  metallic  bar 
COOLING  OR  HEATING  IN  AIR.  By  R.  S.  WOODWARD,  Geological 
Survey,  Washington,  D.  C. 

[abstract.] 

This  paper  shows  how  trom  observations  of  the  varying  temperature 
or  length  of  a  bar,  cooling  or  heating  from  an  initial  uniform  temperature 
in  air  of  constant  temperature,  the  emisslvlty  or  surfl&ce  conductivity  may 
be  found  in  terms  of  the  thermal  capacity  of  the  bar.  The  theory  of  the 
process  is  derived  from  the  last  section  of  the  author's  paper  *'On  the  Dif- 
fusion of  Heat  in  Homogeneous  Rectangular  Masses."  The  results  found 
by  applying  the  process  to  certain  experimental  data  are  stated. 
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On  an  RXPRRIMENT  BKARINO  upon  THK  QUKSTION  of  the  DtRRCTION  AND 
VBLOCITY  OF    THK    KLKCTRIC    CUURBNT.      By  Dr.    E.    L.    NiCHOLS    of 

Ithaca,  N.  Y.,  and  Wilxiam  S.  Franklin  of  Lawrence,  Kansas. 

[abstract.] 

A  GOii^  of  wire  of  890  turns  was  driven  at  a  very  high  rate  of  speed,  the 
axis  of  the  coll  being  the  axis  of  rotation.  When  the  coil  reached  380  rev- 
olotions  per  second,  the  linear  velocity  of  the  wire  in  the  direction  of  its 
own  length  amounted  to  8,000  centimeters  per  second.  By  means  of  two 
brush  contacts  at  the  axis  a  current  was  sent  through  the  coll  while  the 
latter  was  in  motion.  The  magnetic  moment  of  the  coil  was  determined 
by  means  of  a  very  sensitive  astatic  pair  of  magnets  carrying  a  mirror. 

Readings  were  taken  with  the  coil  at  rest  and  In  revolution,  the  motion 
of  the  coil  and  the  direction  of  the  current  being  repeatedly  reversed.  If 
the  electric  current  result  flrom  the  flow  of  a  fluid  through  the  wire,  In 
Other  words,  If  It  may  be  considered  as  possessing  direction  and  finite  ve- 
locity, a  motion  of  the  conductor,  with  or  against  the  current,  should  pro* 
duce  an  appreciable  Influence  upon  the  deflection  of  a  magnet  needle,  even 
though  the  velocity  of 'the  current  were  very  large  as  compared  with  that 
of  the  conductor.  In  order  to  render  the  detection  of  this  presumably 
very  small  etTect  less  difficult,  the  direct  Influence  of  the  coil  was  elim- 
nated  by  dlfl'erential  winding,  tinder  these  clrcumstanceH,  when  the  coll 
was  carrying  as  large  a  current  as  It  could  be  made  to  do  without  injur- 
ious heating,  the  rotation  of  the  coil  was  found  to  be  without  appreciable 
eflTect  upon  the  magnetic  moment  of  the  same. 

The  best  results  were  obtained  by  sending  4.6  amperes  of  alternating 
current  of  40,000  alternations  per  minute  through  the  coll.  At  a  velocity 
of  the  wire  equal  to  8,000  centimeters  per  second  the  rotation  of  the  coll 
produced  no  eft*ect  upon  the  needle  amounting  to  0.2  millimeters  deflection. 
The  flgure  of  merit  of  the  coll  and  needle  was  determined  by  substituting 
a  coll  of  continuous  winding.  Its  position  with  respect  to  the  needle  being 
the  same  as  that  of  the  rotating  coll,  and  determining  the  current  neces- 
sary to  produce  I  centimeter  deflection.  The  sensitiveness  of  the  appa- 
ratus was  found  to  be  such  that  a  current  having  direction  and  a  velocity 
of  1,000,900,000  meters  per  second  would  have  shown  a  change  In  Its  ac- 
tion upon  the  needle  (when  the  motion  of  the  coil  was  880  revolutions, 
8,000  centimeters  per  second)  amounting  to  0.1  centimeter  deflection,  an 
effect  which  could  not  have  escaped  observation.  It  follows  from  the 
above  negative  results  that  If  the  electric  current  consists  In  the  flow  of  a 
medium  or  fluid  through  the  conductor,  the  velocity  of  the  same  must  be 
greater  than  the  exceedingly  high  rate  just  mentioned.  Foepl,  who  In 
some  recent  experiments  (Wiedemann's  Annalen,  1886),  used  an  apparatus 
in  most  essential  particulars  similar  to  our  own,  but  one  by  means  of 
which  only  relatively  very  low  velocities  could  have  been  detected,  has 
reached  the  same  negative  conclusion. 
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On  THR  effect  of  the  added  term    of    the  equation  of    the  QfTAD- 
RANT  electrometer  ON  ITS    DEFLECTION    CURVES.       By   Pl'Of.   T     C. 

Mendenhall,  President  of  Rose  Polytechnic  Institute,  Torre  Haute. 
Indiana. 

[abstract.] 

To  the  well  known  expression  for  the  moment  of  the  couple  acting  on 
the  needle  of  the  quaditint  electrometer,  M.  Gouy  has  added  a  term  de- 
pending on  the  difference  of  potential  between  the  two  quadrants  and 
proportional  to  the  square  of  this  difference.  The  effect  of  this  term  on 
the  deflection  curves  of  the  electrometer,  as  mounted  according  to  Mas- 
cart,  Thomson  or  Joubert,  is  investigated  snd  found  to  be  essentially  as 
follows:— The  Mascart  equation  still  remains  that  of  a  straight  line;  the 
Thomson  method  reduces  the  equation  to  one  of  the  third  degree,  no  long- 
er representing  a  parabola,  but  a  curve  with  two  branches,  each  having 
a  point  of  inflection  and  an  asymptote  common  to  both.  It  is  also  shown 
that  the  first  part  of  this  may  be  assumed  to  be  a  straight  line  without 
sensible  error,  provided  the  potential  of  the  needle  is  very  large  compared 
with  that  of  the  quadrants;  thus,  if  the  needle  is 'charged  to  5,000  volts, 
potentials  below  100  volts  may  be  compared  by  this  method  with  less  than 
one  per  cent  error.  .  .  .  By  the  Joubert  method  of  mounting,  in  which 
the  needle  and  one  quadrant  are  connected  and  the  other  is  put  to  eail^h, 
the  equation,  which  without  the  added  term  represents  a  common  parabola 
with  the  origin  at  its  vertex,  is  that  of  a  curve  somewliat  similar  to  a 
parabola  but  with  a  point  of  inflection  in  each  branch  and  an  asymptote 
common  to  both  branches. 


Incandescent  lamps  considered   as  machines   for  transforming 

ELECTRICAL  ENERGY  INTO  THE  ENERGY  OF  UOHT.   By  ErNEST 

Mbrritt,  Ithaca,  N.  Y. 

[ABSTRACT.] 

The  author  determined  the  ratio  of  the  energy  of  the  visible  rays  to 
the  total  energy  of  the  lamp.  This  was  done  by  cutting  off  the  dark  heat 
by  a  cell  of  about  one  decimeter  thick,  containing  a  solution  of  alum,  and 
allowing  the  rays  transmitted  to  fall  on  a  delicate  thermopile.  The  deflec- 
tion of  the  galvanometer  in  circuit  with  the  pile  was  then  proportional 
to  the  energy  of  the  light  f^om  the  lamp.  The  alum  cell  was  then  removed, 
and  the  deflection  corresponding  to  total  radiation  observed.  The  ratio 
of  the  two  deflections  gave  the  efficiency  of  the  lamp  at  that  candle  power, 
when  considered  as  a  machine  for  producing  luminous  rays. 

This  ratio  was  determined  in  one  case  by  placing  the  lamp  to  be  tested 
in  a  large  glass  calorimeter  and  measuring  the  heat  given  to  the  water 
and  the  total  electrical  energy  supplied.  In  both  cases  corrections  were 
applied,  due  to  the  fact  that  water  or  alum  does  not  absorb  quite  all  of  the 
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dark  heat.  In  the  case  of  alam  this  transmission  amounts,  In  extreme 
cases,  to  0.5  per  cent.  With  water  it  is  about  1.5  per  cent.  A  correction 
waM  also  made  for  the  absorption  of  light  by  the  water. 

The  results  show  that  the  efficiency  of  a  lamp  as  a  machine  does  not 
correspond  at  all  with  its  commercial  efficiency. 

One  lamp  may  have  a  larger  *Muminons  efficiency'*  than  another,  and 
yet  require  a  much  larger  expenditure  of  energy  to  bring  it  to  the  same 
candle  power.  For  example,  two  Edison  lamps  were  tested:  one  being 
quite  new,  the  other  old  and  commercially  inefficient.  The  first  gave  16 
C.  P.  at  85  Watts,  with  a  **  luminous  efficiency  "  of  4.0  per  cent;  the  sec- 
ond gave  16  C.  P.  at  100  Watts,  with  an  efficiency  of  7.4  per  cent. 

The  values  of  the  **  luminous  efficiency  "  of  live  different  lamps  at  differ- 
ent candle  powers  are  given  below  in  per  cents : 


1  c.  p. 

2  c.  P. 

4  C.  P. 

8  C.  P. 

16  C.  P. 

Edison,  108  volt,  new. 

0.6 

0.7 

1.1 

2.2 

4.0 

Edison,  100  volt,  old, 

2.8 

3.2 

4.7 

6.3 

7.4 

Weston,  110  volt. 

2.9 

3.5 

4.1 

5.7 

Weston,  70  volt. 

2.4 

2.9 

3.6 

4.8 

Bernstein,  20  volt,8  C.  P. 

,1.6 

2.5 

3.7 

The  energy  per  candle  power  was  also  calculated  from  these  results. 
This  energy,  or  the  mechanical  equivalent  of  one  candle  power,  decreases 
as  the  candle  power  rises. 

The  following  table  gives  the  values  of  this  mechanical  equivalent  in 
Watts : 


1  c.  p. 

2  c.  P. 

4  c.  P. 

8c.  p. 

16  c.  P. 

Edison,  108  volt,  new,     0.58 

0.80 

0.17 

0.17 

0.20 

Edison,  100  volt,  old,         .85 

.80 

.78 

.64 

.47 

Weston,  110  volt,                .84 

.68 

.51 

.37 

Weston,  70  volt,                  .75 

.67 

.42 

.37 

Bernstein,  20  volt,  8  C.  P.,  .61 

.64 

.51 

Floating  dynamometer.    By  Prof.  J.  Bursitt  Webb,  Stevens  Institute, 

■ 

Hoboken,  N.  J. 

[ABSTRACT.] 

At  last  year's  meeting  a  new  form  of  dynamometer  was  described  with 
the  aid  of  an  illustrative  model,  which  was  more  however  in  the  form  of 
a  laboratory  experiment  than  in  that  of  practical  application.  During  the 
past  year  two  practical  dynamometers  have  been  constructed  and  have 
worked  satisfactorily  in  all  respects,  so  that  there  would  seem  to  be  no 
better  method  of  testiug  dynamos  and  motors,  especially  those  of  great 
weight  or  unsymmetrlcal  form.  Especial  forms  have  been  devised  for 
other  purposes  among  which  is  a  floating  transmission  dynamometer  ca- 
pable of  giving  exact  results  for  scientific  purposes. 
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The  photographs  show  an  eight-handred  poand  dynamometer  mounted 
with  a  '*  Westinghoase  Exciter"  of  nearly  that  weight. 

The  **  Ark,"  or  *'  Floating  Dynamometer,"  is  applicable  to  all  cases  where 
a  *'  Bracket  Cradle  "  might  be  used  and  possesses  some  advantages  which 
the  latter  has  not. 


"OVKRHAULING"  IN  A  MECHANICAL  POWER.     By  Prof.   J.  BURKITT  WeBB, 

Stevens  Institute,  Hoboken,  N.  J. 

[ABSTSAOT.] 

Professor  Ball,  in  his  book  on  ''Experimental  Mechanics,"  has  attempted 
to  state  a  general  law  for  such  ''overhauling."  His  statement  is  that  when- 
ever rather  more  than  half  of  applied  energy  Is  lost  in  friction  the  appara- 
tus will  not  overhaul. 

It  has  been  shown  by  others  that  this  statement  is  not  always  correct*, 
though  the  entire  fallacy  of  it  may  not  have  been  perceived,  the  law,  as  we 
have  worked  it  out,  not  having  such  a  simple  expression. 

We  will  simply  show  here  how  a  mechanical  power  may  be  constructed 
which  will  not  overhaul  and  yet  lose  much  less  than  half  the  applied  en- 
ergy in  friction. 

For  example  let  the  "power"  be  a  simple  lever  with  the  power  pulling  up- 
ward and  the  weight  consequently  applied  between  the  power  and  the 
fulcrum.  Let  the  weight  be  applied  at  one  inch  and  the  power  at  two 
inches  from  the  fulcrum  and  let  the  latter  be  a  Journal  having  a  radius  of 
five  inches  turning  in  a  suitable  box  or  bearing  with  a  Auction  of  one-fifth 
of  the  weight ;  i.  e.,  with  a  coefficient  of  friction  equal  to  the  tangent  of  the 
angle  whose  sine  is  one-fifth.  Such  a  mechanical  power  will  not  over- 
haul and  will  waste  in  friction  but  one-qunrter  of  the  energy  applied. 

This  may  suggest  to  any  one  having  the  necessary  mechanical  insight 
how  to  construct  other  non-overhauling  mechanisms  with  other  fractions 
of  energy  lost  in  friction. 


Impact  in  the  injector.    By  Prof.  J.  Burkitt  Webb,  Stevens  Institute, 

Hoboken,  N.  J. 

[abstract.] 

Some  comparisons  have  been  made  between  pumps  and  injectors  as  to 
the  mechanical  work  performed  by  them  respectively  in  feeding  a  boiler; 
It  is  thus  brought  out  very  forcibly  that  while  the  injector  wastes  no  en- 
ergy it  does  very  little  work,  most  of  the  steam  being  used  in  warming 
the  water.  It  will  be  interesting  to  notice  the  reason  for  this  because  it 
depends  upon  the  simple  principles  of  mechanics,  which  though  embodied 
in  the  usual  equations  for  the  injector  may  not,  in  that  form,  be  suffi- 
ciently appreciated. 

1  Dr.  Coleman  Sellers,  of  Stevens  Institute,  Hoboken.  N.  J.,  showed  this  in  a  lecture  to 
the  upper  classes  so  far  as  applied  to  an  apparatus  consisting  of  a  numbeir  of  parts. 
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There  are  three  places  in  the  Injector  to  which  we  will  call  attention  in 
examining  the  action  of  a  particle  of  steam ;  (a)  in  the  boiler,  (6)  in  the 
vacnnm  chamber,  (c)  in  the  mixed  colnmn  of  water  and  steam.  At  a 
the  steam  is  practically  in  a  state  of  rest,  but  possesses  energy  capable  of 
doing  worlc.  In  passing  from  a  to  &  work  is  done  in  giving  to  the  steam 
a  high  velocity,  so  that  at  b  it  possesses  a  large  portion  of  kinetic  energy 
by  virtue  of  which  it  strikes  the  water  a  blow  and  sets  It  In  motion. 
Suppose  now  that  the  steam,  having  a  velocity  o,  strikes,  say,  fifteen  times 
its  mass  of  water  and  sets  it  in  motion,  the  combined  mass  will  have  a 
velocity  of  only  one-sixteenth  of  v,  because  the  momentum  before  Impact, 
V  X  If  must  be  equal  to  that  after  Impact,  «  4-  16  X  (1  +  15). 

The  kinetic  energy  possessed  by  the  steam  before  impact  is  equal  to 

4  X  «■  but  afterward  there  will  be  no  more  then  -^ —  X  ^^,  so  that  at 

impact  fifteen-sixteenths  of  the  kinetic  energy  of  the  steam  disappears, 
being  retransformed  Into  heat  by  the  concussion,  It  will  thus  be  seen  that 
the  Injector  does  primarily  transform  a  large  amount  of  heat  into  work,  but 
that  it  uses  this  work  In  so  uneconomical  a  way,  in  forcing  the  water  Into 
the  boiler  by  impact,  that  most  of  It  Is  wasted  as  mechanical  work,  though 
saved  as  heat. 


Novel  form  of  ELiECTRO-MAONirric  telephone.     By  Prof.  R.  B.  Ful- 
ton, University,  Mississippi. 

[ABSTRAOT.l 

The  author  has  devised  a  form  of  electro -magnetic  telephone,  which 
may  be  used  as  a  receiver  or  transmitter,  In  which  the  lines  of  magnetic 
force,  the  direction  of  the  Induced  currents,  and  the  direction  of  the 
movement  of  the  vibrating  parts  are  each  at  right  angles  to  the  other  two. 
This  end  Is  attained  by  dispensing  with  the  ordinary  spool  electro-magnet 
and  circular  diaphragm. 

A  tube  of  thin  sheet  Iron,  open  at  one  or  both  ends,  having  a  polygonal 
cross  section,  is  magnetized,  and  has  ordinary  fine  Insulated  telpehone  wire 
coiled  around  the  outside,  the  colls  being  each  In  a  plane  perpendicular 
to  the  length  of  the  tube.  One  end  of  the  tube  Is  made  a  north,  and  the 
other  a  south  pole.  The  colls  are  placed  over  those  parts  of  the  walls 
of  the  tube  which  are  thrown  into  vibration  when  the  tube  Is  spoken  Into. 
The  best  results  seem  to  be  obtained  with  the  above  instrument  as  a 
transmitter,  and  the  ordinary  Bell  receiver. 


A  NEW  PRESSURE  INDICATOR  OR  RECORDER  (EXPERIMENTAL  MODEL).   By 

Prof.  W.  H.  Bristol,  Stevens  Institute,  Hoboken,  N.  J. 

[abstract.] 
In  this  instrument  the  novelty  consists  In  employing  a  special  form  of 
the  well-known  Bourdon  spring  tube  In  combination  with  a  principle  in- 
volved in  the  construction  of  a  pressure  indicator  which  was  Invented  and 
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patented  by  Jno.  Matthews  in  1855.  With  such  a  combination  it  was 
found  to  be  possible  to  produce  a  pressure  Indicator  in  which  the  move- 
ment of  tlie  registering  pointer  is  positive  and  of  such  range  for  given 
variations  that  the  usual  or  all  multiplying  devices  may  be  dispensed  with. 
The  invention  of  Matthews  consisted  in  making  a  tube  of  copper  by  elec- 
tric deposition,  of  circular  cross  section  with  one  side  corrugated.  One 
end  being  closed,  an  internal  pressure  produced  tin  elongation  of  the  cor- 
rugated  side  which,  being  restrained  by  the  straight  side  resulted  in  a 
bendin;^  of  the  tube,  the  amount  of  bending  depending;  upon  the  pressure. 
The  deflections  produced  as  described  are  tlien  multiplied  to  suit  the  range 
of  reading  required. 

In  the  self- registering  instrnment  exhibited  the  tube  has  a  flattened 
cross  section,  is  closed  at  one  end,  and  bent  into  an  approximately  sinu- 
soidal form.  At  several  points  a\ong  its  length  is  secured  a  flexible  strip 
of  same  metal  as  tube  or  of  one  having  the  same  coSfflclent  of  expansion. 

The  bent  tube  may  be  considered  as  a.  series  of  Bourdon  springs  placed 
end  to  end.  If  the  bends  are  of  equal  radii  of  curvature,  an  internal  pres- 
sure would  produce  a  tendency  to  straighten  each,  or  collectively  to  elon- 
gate the  whole.  This  elongation  is  restrained  and  converted  into  a 
magnified  lateral  motion  by  means  of  the  flexible  strip.  If  the  bends  on 
one  Hide  of  the  tube  are  of  greater  radius  than  those  on  the  other,  the  mo- 
tion due  an  internal  pressure  will  be  the  resultant  of  an  elongation  and  a 
lateral  dt-flectlon,  the  lateral  deflection  being  due  to  the  diffVireuce  In  the 
sums  of  the  forces  tcndiu;;  to  straighten  the  bends  on  the  opposite  sides  of 
the  tube.  When  the  flexible  strip  is  applied  to  the  side  of  the  tube  with 
the  larger  bends  restraining  the  component  of  elongation,  an  increased 
side  deflection  is  produced. 

By  mounting  such  a  tube  with  a  marking  point  attached  in  connection 
with  a  uniformly  moving  chart,  an  extremely  simple  and  reliable  record- 
ing pressure  indicator  may  be  devised. 

The  sensitiveness  of  the  tube  may  be  varied  by  changing  proportions 
and  making  difl'erent  combinations  of  cross  sections,  thickness  of  walls, 
radii  of  curvature  of  bends,  number  of  bends,  and  length  of  tube.  The 
same  form  of  instrument  is  adapted  for  use  as  vacuum  as  well  as  for  pres- 
sure indicators. 


A  NKW  INDICATIKG  OR  SELF-RROI8TKRINO  THKRMOMRTBR  (KXPERIMKNTAL 

MODKL  ).  By  Prof.  W.  H.  Bristol,  Stevens  Institute,  Hoboken,  N.  J. 

[ABSTSACr.l 

Thk  pressure  indicator  described  in  the  preceding  paper  is  fllled  with 
an  expansible  liquid,  as  alcohol,  and  permanently  sealed. 

Variations  in  temperature  produce  expansion  of  inclosed  liquid  causing 
internal  pressure,  wlilch  in  turn  gives  deflections  corresponding. 

With  marking  point  and  chart  for  recording  deflections,  a  simple  self- 
registering  thermometer  may  be  constructed. 
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A    KKW    INDICATING    OR  8KLF-RRGI8TBRIM6  BAROMKTRR    (BXPERIMKNTAL 

modbl).    By  Prof.  W.  H.  Brutol,  Stevens  lustitate,  Hobokeu,  N.  J. 

[ABSTRACT.] 

This  instrnment  is  an  application  of  tlie  pressure  indicator  already  de- 
scribed. A  tube,  made  by  electric  deposition,  is  exliaunted  of  air  and 
sealed.  Tlie  walls  of  tlie  tube  being  sufficiently  light,  it  is  sensitive  to 
small  clianges  of  external  pressure:  as,  for  instance,  atmosplieric 
clianges. 

For  a  self- registering  instrument  it  would  only  be  necessary  to  mount 
BVLch  a  tube,  with  its  marking  point,  in  conjunction  with  a  moving  cliart 
for  receiving  the  record. 


BkST  MKTHOD8  OF  MAKING    INSTANTANBOUS    PHOTOGRAPHS  DURING  BOTH 
DAY  AND  NIGHT.      IlLUSTRATKD  BY  BXPEUIMENTS  AND  PROJECTIONS. 

By  Dr.  E.  P.  Uowland,  Washington,  I).  C. 

[ABSTBACT.*] 

Instantaneous  photosjrapliy  by  the  discovery  and  introduction  of  dry 
plfg^fS  has  given  a  great  impetus  to  science  in  every  department.  It  is 
now  necessary  that  investigators  in  most  branches  of  science  should  Iiave 
a  practical  knowledge  of  tlie  art.  It  records  his  discoveries  by  a  process 
of  Nature's  engraving  that  is  absolute  truth.  Any  advancement  in  tiiis  art 
by  discovery  or  application  interests  all  investigator.  In  a  condensed 
form,  I  will  state  some  of  the  most  important  facts  In  relation  to  this  sub- 
ject and  exhibit  specimens  of  actual  results. 

The  best  lens  for  taking  instantaneous  photographs  of  landscapes  and 
moving  objects  at  a  distance  of  one  hundred  feet  and  over  is  a  single 
achromatic  lens  with  the  largest  diaphragm  that  will  give  good  definition, 
a  single  achromatic  obstructing  less  light  than  a  double  achromatic  lens 
with  the  same  sized  diaphragm  and  equal  focus.  As  a  single  achromatic 
cannot  be  used  for  near  objects,  on  account  of  distortion  of  the  image,  a 
double  achromatic  lens  is  absolutely  necessary  with  the  largest  diaphragm 
that  gives  good  definition.  Miignesium  in  powder  with  any  substance 
that  will  cause  a  rapid  combustion  is  the  best  substance  known  for  pro- 
ducing a  light  for  instantaneous  photography  in  dark  rooms  or  at  night. 
Chlorate  of  potash,  sulphur,  guncotton,  sulphide  of  antimony,  picric  acid 
and  other  sui)Stances  can  be  used  With  the  magnesium ;  but  I  prefer  mag- 
nesium with  one-third  its  weight  of  flour  of  sulphur.  This  has  given  me 
satisfaction,  is  a  safe  compound  to  use  and  can  be  ignited  by  any  burning 
substance  or  the  electric  spark.  With  the  camera  six  feet  from  the  ob- 
ject and  the  flash  light  two  feet  back  and  a  little  to  one  side  of  the  camera, 
thirty  grains  of  magnesium  and  ten  grains  uf  sulphur  with  a  reflector  be- 
hind the  flash,  will  give  a  good  photograph  on  an  ordinary  plate  of  No.  25 

1  ThiB  paper  was  accompanied  by  an  exhibition  on  the  ecreen  of  the  photographs 
alladed  to. 
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sensltometer  or  an  orthochromatic  plate  No.  27.  At  twelve  feet  distant, 
one  hundred  twenty  grains  of  magnesium  and  forty  grains  of  sulphur  are  re- 
quired. Good  photographs  can  be  taken  on  a  25  sensitometer  plate  at  the 
distance  of  twenty-four  feet  by  flashing  four  hundred  and  eighty  grains 
of  magnesium  and  one  hundred  and  sixty  grains  of  sulphur.  On  a  85 
sensitometer  plate  one-half  of  this  quantity  is  sufficient. 

At  a  distance  of  six  feet,  this  flash  light,  I  find,  is  equal  in  its  actinic  ef- 
fects on  the  plate  to  the  ordinary  ribbon  magnesium  lamp  running  thirty 
seconds,  with  a  ribbon  one-eighth  of  an  inch  In  width  and  burning  twelve 
inches  of  ribbon. 

At  twelve  feet  distance  of  camera,  the  flash  light  Is  equal  to  the  expos- 
ure with  magnesium  lamp  of  two  minutes  and  burning  four  feet  of  ribbon. 

At  greater  distances  than  twelve  feet  my  experiments  of  comparison  are 
indefinite.  If  a  white  screen  is  placed  on  one  side  of  the  object,  opposite 
the  side  on  which  the  fiash  is  made  and  a  white  screen  or  mirror  behind 
the  flash,  the  illumination  is  improved  and  the  shadow  is  less  dense.  The 
same  result  can  be  obtained  by  having  on  the  other  side  of  the  camera  flf- 
teen  grains  of  magnesium  with  flve  grains  of  sulphur  and  igniting  them 
both  at  the  same  time  by  a  spark  ft'om  a  small  Ruhmkorff  coil.  An  Inter- 
vening screen  of  translucent  cloth  or  paper  or  ground  glass  between  the 
the  flash  and  object,  will  also  give  flue  i*esults  but  more  magnesium  is  re- 
quired to  be  burned  as  some  of  the  light  is  obstructed.  Exposures^by 
day,  when  the  time  is  less  than  one-tenth  of  a  second,  should  be  made  from 
11  A.  M.  to  2  p.  M.  in  clear  sunshine.  The  sensitive  plate  used  for  instanta- 
neous work  should  not  be  less  than  25  sensitometer  and  fewer  failures  will 
be  made  with  number  80  or  85.  One  of  the  photographs  that  I  will  show 
you  is  a  street  view  and  U.  S.  Custom  House  in  Charleston,  that  I  took 
after  the  earthquake  at  12  m.,  on  Sept.  16,  1886,  on  a  25  sensitometer  plate 

with  a  single  achromatic  lens  and  ^  diaphragm,  elear  sunshine,  estimated 

time  2V  of  a  second,  using  a  metal  drop  shutter.  Another  photograph  is  a 
street  scene  in  Washington,  comer  41  Street  and  Pennsylvania  Ave.,  taken 
at  1  p.  M.,  July  10,  1887,  on  a  85  sensitometer  plate  with  a  double  achro- 
matic lens,  22  diaphragm,  clear  sunshine,  time  ^^  of  a  second,  using  a 

Prosch  shutter.  The  moving  objects  in  this  photograph  appear  as  if  at 
rest  In  the  attitudes  seen.  Another  photograph  is  one  that  I  took  of  a 
snow  scene  in  Washington,  comer  of  7th  and  Pennsylvania  avenue,  at  11 
A.  M.  April  1,  1887,  on  a  25  sensitometer  plate,  with  single  achromatic  lens 

and  jg  diaphragm ;  thin  clouds  and  snowing  slightly,  estimated  time  ^  of 

a  second,  using  a  drop  shutter  with  rubber  band  accelerator. 

The  shorter  the  time  In  which  a  photograph  of  moving  objects  is  taken 
when  a  good  impression  can  be  obtained  on  a  plate  the  more  perfect  the 
photograph.  Professor  Maybridge  has  taken  photographs  of  moving  ob- 
jects in  the  T^jj)  part  of  a  second. 

Distance  and  velocity  of  moving  objects  must  be  taken  into  account  in  suc- 
cessful instantaneous  photography.  With  a  lens  of  five-Inch  focus  and  object 
1,000  feet  distant  moving  at  ten  miles  per  hour,  the  image  on  the  sensitive 
plate  will  change  ,^(^  of  an  inch  In  one  second.  A  railroad  train,  moving  at 
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the  rate  of  forty  miles  an  hour,  at  the  distance  of  four  handred  feet,  or  a 
man  walking  two  and  one-half  miles  per  hoar,  at  twenty-five  feet  distant, 
will  change  the  image  on  the  plate  the  same  amount  in  the  same  time. 
The  change  of  over  one-half  an  inch  in  the  image  will  make  a  mixed  blur 
of  objects,  but  if  the  time  is  reduced  to  the  ?^  of  a  second,  the  image 
will  then  only  change  the  .0086  of  an  inch,  and  this  change  of  less  than  the 
.0004  of  an  inch  will  give  a  distinct  image.  The  actual  motion  of  a  rail- 
road train  at  forty  miles  per  hour  is  fifty-eight  feet  and  eight  Inches  per 
second.  A  street  car  at  ten  miles  per  hour  is  fourteen  feet  and  eight  inches 
and  a  man  walking  at  the  rate  of  two  and  one-half  miles  per  hour  Is  three 
feet  and  eight  inches  per  second. 

The  method  of  calculating  the  change  of  image  on  the  plate  is  the  same 
as  the  lever ;  the  long  arm  being  the  distance  from  the  moving  object  to 
the  lens  and  the  short  arm  the  focus  of  the  lens. 

The  photograph  of  a  lightning  flash  can  be  taken  at  night  by  adjusting 
the  camera  for  distant  objects  by  daylight  and  then  at  night  pointing  the 
camera  with  the  cap  oiT  toward  the  thunder  cloud  and  await  the  flash.  A 
single  achromatic  lens  is  the  best  to  use.  A  good  photograph  of  a  light- 
ning flash  that  I  will  show  you  was  taken  by  Prof,  C.  £*.  Marvin  of  the 
U.  S.  Signal  Office,  June  19,  ld87,  at  8  ▲.  m.,  taken  on  a  Carbutt  plate.  No. 

24  sensitometer,  with  double  achromatic  lens,  10-inch  focus,  jq  diaphragm. 
The  camera  was  left  open  four  minutes  during  which  time  several  succes- 
sive perpendicular  and  horizontal  flashes  were  photographed  on  the  plate. 
The  exposure  was  made  in  Washington,  corner  of  18th  and  S  istreets, 
N.  W.  The  building  photographed  on  the  plate  by  the  lightning  flash  is 
Howard  University.  Good  photographs  can  be  taken  of  the  sparks  from 
an  induction  machine  having  quart  jars  in  connection  with  the  prime  con- 
ductors and  using  a  short  focus  lens. 
The  photographs  exhibited  in  rapid  succession  were  taken  by  myself 

with  a  6-inch  focus  lens  and  t-  diaphragm  on  a  85-sensltometer  plate. 

One  photograph  sent  me  from  the  U.  S.  training  school  at  WlUett's 
Point,  New  York  harbor,  is  that  of  a  mule  with  his  head  blown  oif  with  a 
dynamite  cartridge  and  photographed  before  falling  to  the  earth.  Taken 
with  a  16-inch  focus  lens,  Z  diaphragm,  on  an  Eastman  plate,  sensitome- 

ter  22,  2  p.  m.,  sunshine  and  light  clouds.  Another  photograph  taken  by 
Prof.  C.  W.  Smiley  of  the  National  Museum,  Washington,  is  a  mackerel 
schooner  under  ftill  sail,  taken  from  the  deck  of  a  steamer  going  in  the 
opposite  direction.    Lens  16|-inch  focus,  diaphragm  Z,  exposure  y^iy  of  a 

16 

second,  plate  sensitometer  25,  sunshine,  12  M.  A  photograph  of  base  bail 
playing,  showing  balls  in  the  air,  was  taken  by  Mr.  C.  C.  Jones,  assistant 
photographer  U.  S.  surveys,  with  a  detective  camera  of  6-Inch  focus,  dia- 
phragm Z  at  4.80  F.  M.,  July  16,  time  ^  of  a  second,  plate  sensitometer  26. 

The  sensitive  plates  used  in  instantaneous  photography,  particularly  the 
special  orthochromatic,  must  be  changed  and  developed  in  the  least  possi- 
ble amount  of  actinic  light  or  the  negatives  will  not  be  clear  and  distinct. 
The  -record  I  have  given  of  the  practical  experience  in  instantaneous  pho- 
tography may  be  of  service  to  many  in  their  scientific  investigations. 
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DESCRIPTION  OF  A  NRW  AND  IMPROVED  DISSOLVBR  FOR   THE  MAOIC  LAN- 
TERN WITH  EXHIBITION  OF  SLIDES.     By  Dr.  £.  P.   HOWLAND,    Wa^h- 

iogtoD,  D.  C. 

[ABSTRACT.] 

As  tlie  magpie  lantern  has  got  to  be  the  most  important  philosophical  in- 
strament  for  scientific  and  popular  illastrations,  any  improvement  in  its 
constractlons  or  arrangement  for  its  manipulation  is  of  scientific  and  public 
Interest. 

A  complete  dissolver  for  the  lantern  is  one  in  which  the  quantity  of  the 
gases  for  each  lantern  used  is  regulated  by  separate  needle  valves  and  in- 
dependent of  the  dissolving  coclc. 

There  should  be  no  diminution  or  increase  of  light  in  any  lantern  caused 
by  increasing  or  diminishing  the  supply  of  gases  to  or  from  another  lan- 
tern. It  should  be  so  constructed  that  all  the  lanterns  used  could  be  in 
ftill  light  at  the  same  time  or  any  one  or  more  of  them  extinguished  or  re- 
lighted without  affecting  the  light  of  the  other  lanterns.  Most  of  the  dis* 
solvers  on  the  market  are  constructed  for  using  with  two  lanterns  only, 
and  take  the  gases  from  the  first  lantern  to  illuminate  the  second,  thereby 
diminishing  the  light  from  the  first  picture  before  the  second  gets  fully 
illuminated,  making  a  dark  point  between  the  change  of  the  pictures.  The 
advantages  of  a  good  dissolver,  besides  not  having  the  picture  darken 
down  in  dissolving,  is  so  that  we  can  have  as  many  pictures  on  the  screen 
at  the  same  time  as  we  have  lanterns  and  have  them  all  equally  illumin- 
ated. We  then  can  have  different  illustrations  on  the  screen  side  by  side, 
or  a  picture  with  figures  dissolved  in,  or  a  background  of  different  or 
changing  colors  with  many  beautlAil  and  artistic  arrangements. 

A  great  variety  of  beautiful  and  interesting  lantern  slides  were  shown 
with  two,  three  and  four  lanterns  dissolving. 


SPBCTRO-PHOTOMETRIC  comparison  OF  SOURCES  OF  ARTIFICIAL  ILLUMI- 
NATION. By  Dr.  B.  L.  Nichols,  Cornell  University,  Ithaca,  N.  Y., 
and  W.  S.  Frankun,  University  of  Kansas,  Lawrence,  Kan. 


On  THE  RADIATION    OF  HEAT    BETWEEN    METALS    BY    INDUCTION    AND   BT 
CONDUCTION,  WITH    NUMERICAL  RESULTS  FOR  6TKEL  AND  BRASS.     By 

Prof.  Wm.  A.  Rogers,  Colby  University,  WaterviUe,  Me. 


On  the  definitions  of  the  terms  weight  and  mass.    By  Prof.  Wm. 
A.  Rogers,  Colby  University,  Water vllle,  Me. 


The  causes  of  sudden  variations  of  atmospheric  pressure.     By 
Dr.  M.  A.  Vbeder,  Lyons,  New  York. 
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Description  of  apparatus  for  making  a  uoht-wavk  thb  standard 
OF  LENGTH.  By  Prof.  A.  A.  MiCHELSON,  U.  S.  N.,  and  Prof.  Edward 
W.  MORLEY,  Cleveland,  Ohio. 


Two  STROKES  OF  LIGHTNING.    By  PTof.  J.  W.  MooRB,  Lafayette  College, 
Easton,  Penn. 


A   GALVANOMETER  FOR  THE  VERTICAL  LANTERN.      By  Prof.  J.  W.  MOORE, 

Lafayette  College,  Easton,  Penn. 
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SOME  PHASES  IN  THE  PBOGBESS  OF  CHEMISTS T. 


I  am  deeply  impressed  with  the  honor  which  you  have  confeired 
upon  me  in  selecting  me  to  preside  over  your  section  during  the 
present  session ;  but,  as  I  look  back  upon  the  eminent  men  and  dis- 
tinguished chemists  who  have  preceded  me  in  this  office,  and  around 
upon  those  who  form  this  section,  I  fee>  unequal  to  the  responsi- 
bility which  the  position  entails  and  the  obligations  which  it  im- 
poses, and  especially  so  as  regards  your  annual  address.  For  where 
one  is  actively  and  constantly  engaged  in  a  variety  of  pursuits  of 
a  highly  technical  nature,  it  is  difficult  to  possess  one's  self  of  but 
a  very  partial  knowledge  of  the  advances  made  in  chemistry,  since 
in  these  busy  modern  days  the  science  has  developed  so  many  spe- 
cial phases,  and  has  shown  in  many  directions  so  marked  a  phys- 
ical and  mathematical  tendency ;  while,  at  the  same  time,  its  in- 
vestigators have  continued  to  add  an  enormous  annual  increase  to 
the  bodies  with  which  chemistry  is  to  deal.  Hence,  in  reviewing 
the  progress  made  in  chemistry,  I  must  content  myself  with  a 
glance  at  some  few  phases  and  leave  many  as  important  ones  un- 
touched. 

Since  the  isolation  and  recognition  of  oxygen  by  Priestley,  the 
search  for  new  elements,  like  that  for  new  heavenly  bodies,  has 
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formed  for  many  a  most  entertaining  parsuit,  the  facilities  for  which 
have  been  much  increased  by  the  use  of  the  spectroscope  and  the 
delicate  spectroscopic  methods  as  developed  by  Bunsen  and  Eir- 
choff,  and  perfected  by  Nobert,  Rutherford  and  Rowland  in  con- 
struction^ and  by  Crookes,  Boisbaudron,  Liveing  and  Dewar  and 
others  in  methods,  and  the  result  has  been  to  extend  continually 
the  list  of  bodies  which  are  grouped  under  this  head.  The  an- 
nouncement of  new  discoveries  during  the  last  ten  years  has  been 
especially  large.  According  to  a  recent  statement  of  Dr.  Bolton,^ 
who  has  kept  a  careful  record  of  these  announcements,  over  seventy 
bodies  have  been  added  to  the  list  during  this  time,  though  it  will 
be  observed  that  many  of  these  so-called  elements  are  obtained  by 
the  resolution  of  others  which  are  included  in  the  above-men- 
tioned number.  The  largest  number  added  by  any  observer  has 
resulted  from  the  joint  labors  of  Eruss  and  Nilson^  on  the  absorp- 
tion spectra  of  the  rare  earths  and  reaches  to  over  twenty.  Should 
these  discoveries  be  verified  and  the  elementary  character  of  the 
substances,  as  we  now  use  the  term  elementary,  be  established,  the 
possible  number  of  compounds  which  would  result  is  something 
enormous ;  but,  judging  from  experience,  few  of  them  are  likel3^  to 
survive  a  very  searching  criticism.  Still  two  in  this  list,  scan- 
dium and  germanium,  have  already  passed  the  tests,  and  the  lat- 
ter, which  was  discovered  by  Winkler  in  1886,  has  been  accepted 
as  the  missing  element  in  Mendel^eff's  scheme,  whose  existence 
and  properties  he  predicte*d  under  the  name  of  ekasilicon. 

Among  the  fundamental  constants  of  chemistry  there  are  none 
which  occupy  a  more  Important  place  than  the  weights  of  the  at- 
oms of  the  elementary^  substances  ;  and  it  is  only  natural  that,  from 
the  time  when  the  present  chemical  elements  were  recognized  as 
such,  and  especially  since  the  adoption  of  the  atomic  hypothesis  as 
enunciated  by  Dalton,  strenuous  efforts  should  have  been  made  to 
determine  this  constant  for  each  element  with  all  the  precision  of 
which  chemical  art  permits.  Apart  from  the  evident  necessity  and 
advantage  of  knowing  this  constant  for  purposes  of  analysis  and 
in  chemical  processes  in  general,  an  added  zest  was  given  to  the 
pursuit  by  the  hypothesis  of  evolution  as  developed  by  Prout,  and 
extended  and  modified  by  Dobereiner,  Dumas,  Cooke,  Pettenkofer, 
Odling  and  Gladstone  in  their  demonstrations  of  the  numerical 
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relations  existing  between  the  atomic  weights  of  elements  belong- 
ing to  the  same  natural  group ;  while,  more  recently,  a  deeper  inter- 
est has  been  imparted  through  the  discussions  by  Newlands,  Men- 
del^eff,  Lothar  Meyer,  Carnellej^,  Mills,  Reynolds  and  others  of 
the  data  already  collected  which  leads  to  the  conclusion  that  the 
properties  of  the  elements  are  functions  of  their  atomic  weights 
and  that  the  various  weights  are  related  according  to  some  law  of 
nature.  Thanks  to  the  labors  of  Becker,  Clarke,  Lothar  Meyer 
and  Seubert,  the  literature  of  the  subject  of  the  determinations  of 
the  atomic  weights  has  been  carefully  reviewed,  the  processes  col- 
lated and  the  data  discussed  so  that  the  whole  matter  is  now  read- 
ily accessible  to  any  one  who  desires  to  engage  in  further  research 
in  this  field. 

Since  the  unit  weight  of  hydrogen  is  taken  as  the  standard  for 
comparison,  while  the  determination  of  the  atomic  weights  of  a 
large  number  of  the  elements  has  been  made  only  through  the  in- 
tervention of  oxygen,  the  ratio  of  the  atomic  weights  of  these  two 
elements  is  the  most  important  one  to  be  determined,  for  any  er- 
ror which  may  occur  here  will  be  magnified  when  repeated  through 
a  moderate  series  of  other  ratios.  Three  methods  were  employed 
by  the  earlier  investigators  for  fixing  this  constant:  (1)  through 
the  synthesis  of  water,  which  was  effected  by  passing  hydrogen  gas 
over  hot  copper  oxide ;  (2)  through  the  exact  determination  of 
the  relative  densities  of  the  two  gases ;  (3)  by  weighing  the 
quantity  of  water  formed  through  the  direct  union  of  a  known 
volume  of  hydrogen  with  oxygen.  The  first  method  was  employed 
by  Dulong  and  Berzelius,  by  Dumas,  and  by  Erdmann  and  Mar- 
chand  ;  the  second  by  Dumas  and  Boussingault,  and  by  Regnault ; 
and  the  third  by  J.  Thomsen.  Of  these  researches,  that  of  Duihas 
by  the  first  method  is  by  far  the  most  important,  and  it  constitutes 
one  of  the  most  memorable  investigations  in  the  history  of  chem- 
istry. In  this  he  burnt  an  undetermined  amount  of  hydrogen  by 
means  of  copper  oxide,  the  amount  of  oxygen  consumed  being 
determined  by  the  loss  of  weight  of  the  tube  containing  the  copper 
oxide,  and  the  water  formed  being  collected  and  weighed  directly. 
The  greatest  care  was  taken  to  insure  the  purity  of  all  the  mate- 
rials used,  every  known  experimental  means  were  emploj^ed  to  se- 
cure accuracy,  and  all  the  corrections  which  could  be  conceived  of 
were  applied  to  the  results,  while  the  experiments  were  carried  out 
on  a  very  large  scale,  the  amount  of  water  produced  being  in  some 
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cases  as  high  as  seventy  grams.  As  a  result,  the  value  of  the 
atomic  weight  of  oxygen  was,  as  the  mean  of  nineteen  determina- 
tions, found  to  be  15.9607  with  a  probable  error  of  it*007. 

Notwithstanding  the  great  intelligence  and  skill  displayed  by 
Dumas  in  the  devising  and  execution  of  this  research,  the  process 
is  open  to  serious  criticism,  inasmuch  as  that  the  weight  of  the  hy- 
drogen in  the  water  obtained  is  estimated  by  difference  and  hence 
any  errors  in  the  process  are  accumulated  in  the  value  obtained 
for  the  hydrogen  and  as  this  is  the  lighter  body  such  errors  may 
become  very  appreciable.  Dumas  himself  recognized  this,  for  he 
says :  *'  Of  all  analyses  presented  to  the  chemist,  that  of  water  is 
the  one  which  offers  the  greatest  uncertainty.  Indeed,  one  part 
of  hydrogen  unites  with  eight  parts  of  oxygen  to  form  water,  and 
nothing  would  be  more  exact  than  the  analysis  of  water  if  we  could 
weigh  the  hydrogen  as  well  as  the  water  which  results  from  its  com- 
bustion. But  the  experiment  is  not  possible  under  this  form.  We 
are  obliged  to  weigh  the  water  formed,  and  the  oxygen  which  was 
consumed  in  producing  it,  and  to  determine  by  difference  the 
weight  of  the  hydrogen  which  has  entered  into  combination.  Thus 
an  error  of  ^^^^  in  the  weight  of  the  water,  or  of  ^^  in  the  weight 
of  the  oxygen,  is  equivalent  to  an  error  of  gV  or  ^  in  the  weight 
of  the  hydrogen.  Let  these  two  errors  be  in  the  same  direction 
and  the  total  error  will  amount  to  ^." 

Dr.  J.  P.  Cooke^  and  T.  W.  Richards  have,  however,  sought  to 
solve  this  problem  and  have  contrived  a  very  ingenious  appara- 
tus by  which  the  weight  of  hydrogen  burnt  and  of  water  obtained 
is  known,  while  the  weight  of  the  oxygen  contained  Is  estimated 
by  difference.  For  this  purpose,  pure,  dry  hydrogen  was  first  col- 
lected in  a  large,  glass  balloon,  which  had  previously  been  ex- 
hausted and  weighed,  and  then  carefully  weighed  again,  the  con- 
tainer being  counterpoised  by  a  second  balloon  of  similar  material 
and  of  exactly  the  same  external  volume.  The  balloon  used  had 
a  capacity  of  4961.5  cubic  centimetres,  weighed  570.5  grams  and 
held  about  .42  grams  of  hydrogen.  The  method  of  compensation 
adopted  in  the  weighing  of  the  large  globe  was  found  to  be  so  ac- 
curate that  under  good  conditions  the  weight  of  the  globe,  when 
filled,  did  not  vary  more  than  one-tenth  of  a  milligram  through 
large  changes  of  temperature  and  pressure.  The  filled  and  weighed 
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balloon  was  then  inserted  between  a  set  of  combustion  farnaces 
so  arranged  that  pure,  dry  atmospheric  nitrogen  should  be  drawn 
into  the  balloon  so  as  to  sweep  the  hydrogen  before  it.  The  hy- 
drogen was  thus  passed  over  ignited  copper  oxide  and  the  water 
produced  collected  in  suitable  condensers.  Finally,  pure,  dry  air 
was  drawn  through  the  whole  apparatus,  so  that  at  the  end  of  the 
operation  the  apparatus  and  contents  were  in  the  same  condition 
as  at  the  start  except  that  the  hydrogen  was  all  in  the  form  of  wa- 
ter. The  operation  was  conducted  with  all  the  precision  possible, 
and  the  mean  of  the  fifteen  determinations  gave  15.953  ±  0.0017 
as  the  atomic  weight  of  oxygen. 

Dr.  Scott^  has  repeated  'the  experiments  of  Gay-Lussac  and 
Humboldt  for  ascertaining  the  composition  of  water  by  volume,  us- 
ing an  improved  eudiometer  in  the  place  of  the  Volta  eudiometer 
used  by  them,  and  besides  seeking  to  attain  greater  accuracy  by 
preparing  purer  gases,  using  larger  volumes,  measuring  both  gases 
in  the  same  vessel  and  by  analyzing  the  residue  after  each  explo- 
sion and  determining  the  impurities  present  in  each  experiment. 
The  apparatus  used  was  entirely  of  glass  with  the  exception  of 
the  rubber  connections  to  the  receivers  employed  for  holding  the 
mercury  used  in  exhausting  the  apparatus.  The  oxygen  employed 
was  produced  from  potassium  chlorate  or  mercuric  oxide  and  the 
hydrogen  by  electrolysis.  The  largest  amount  of  impurity  found 
present  in  any  one  of  the  twenty-one  experiments  was  i^^  parts 
while  it  fell  in  another  case  to  ^-bV?  P^f^s.  As  a  result  of  these 
experiments  Scott  finds  the  most  probable  ratio  of  the  gases  by 
volume  in  water  to  be  H :  O  =  1.994  : 1.  Hence  taking  the  den- 
sity of  oxygen  referred  to  hydrogen  as  15.9627,  he  arrives  at  an 
atomic  weight  for  oxygen  of  16.01.  A  more  recent  determination 
of  this  ratio  by  Scott  under  improved  conditions  gave  H:0  = 
1.9965:1. 

In  1882  Lord  Rayleigh,  animated  by  the  same  motive  as  Dr. 
Cooke,  namely,  the  desire  to  examine  whether  the  relative  atomic 
weights  of  hydrogen  and  oxygen  really  deviated  from  the  simple 
ratio  of  1 :16  as  demanded  by  Front's  hypothesis,  planned  an  in- 
vestigation for  determining  the  relative  densities  of  these  two 
gases,  the  results  of  which  he  held  when  combined  with  the  deter- 
minations of  the  relative  atomic  volumes,  measured  by  eudiome- 
tric  methods  such  as  Mr.  Scott  employed,  ought  to  lead  to  a  true 
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Bolatien ;  for,  if  both  investigations  were  condneted  with  gases  under 
the  normal  atmospheric  conditions  as  to  temperature  and  pressure, 
any  small  departures  from  the  laws  of  Boyle  and  Charles  would  be 
practically  without  influence  upon  the  final  number  representing 
the  atomic  weights. 

A  preliminary  notice  of  this  inyestigation  has  now  appeared^ 
from  which  we  learn  that  Lord  Rayleigh  used  a  large  balloon  for 
holding  and  weighing  his  gases  just  as  Regnault  and  Cooke  previ- 
ously had,  and  he  discovered  that  in  both  cases  an  error  had  been 
introduced  into  the  experiments  owing  to  the  failure  to  take  into 
account  the  contraction  which  took  place  in  the  balloon  when  it 
was  exhausted.  Naturally,  the  balloon  then  displaced  less  air  than 
when  filled,  and  an  error  results  if  the  simple  difiTerence  of  the 
weights  of  empty  and  filled  globes  be  taken  as  the  weight  of  the 
contained  gas.  Special  attention  was  paid  to  the  method  of  pro- 
ducing the  hydrogen  and  of  purifying  the  gas,  while  the  apparatus 
connecting  the  generator  with  the  receiver  was  constructed  with 
fused  glass  joints  and  sealed  taps,  there  being  but  one  rubber  con- 
nection and  the  leakage  at  this  being  determined  at  the  banning 
of  the  operation  by  means  of  a  Toppler  pump.  By  this  method 
and  applying  all  the  necessary  corrections  apparent,  Bayleigh 
finds  the  ratio  of  the  densities  to  be  H :  0=  1 :  15.884  and  combin- 
ing this  with  Scott's  latest  determination  for  the  relative  atomic 
volumes,  we  have  for  the  ratio  of  the  atomic  weights  H :  O  = 
1:  15.912. 

In  a  subsequent  paper^  Cooke  and  Richards  have  confirmed  by 
experiment  the  observation  made  by  Rayleigh  as  to  the  contrac- 
tion of  the  balloon  used  by  them  ;  and,  on  applying  this  correction 
to  their  previous  result,  they  arrive  at  a  value  of  15.869  =b  0.0017 
for  the  atomic  weight  of  oxygen. 

Dr.  Eeiser^  has  also  attacked  this  problem  and  has  started  with 
weighed  quantities  of  hydrogen ;  but,  instead  of  using  lai^e  balloons 
in.  which  to  hold  the  gas,  he  has  taken  advantage  of  the  singular 
property  of  palladium  for  occluding  hydrogen  to  secure  a  container 
in  which  it  may  be  conveniently  and  accurately  weighed.  The 
property  of  palladium  to  occlude  hydrogen  was  discovered  by  Gra- 
ham in  1868  and  he  showed  that  at  ordinary  temperatures  it  occluded 
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many  hundred  times  its  own  volume  of  hydrogen  gas.  The  palla- 
diam-hydrogen  which  is  thus  formed  is  stable  at  ordinary  temper- 
atures and  the  metal  retains  the  hydrogen  even  in  a  vacuum.  If, 
however,  the  temperature  be  raised  above  100°,  then  the  gas  will 
be  expelled  in  a  slow  and  regular  current.  Under  atmospheric  pres* 
sure  nearly  all  of  the  hydrogen  can  be  driven  out  at  temperatures 
below  200°.  By  enclosing  a  quantity  of  metallic  palladium  in  a 
glass  vessel  from  which  the  air  has  been  removed  and  saturating  it 
with  pure  hydrogen,  a  large  volume  of  the  gas  may  be  condensed  into 
a  small  space.  If  now  the  temperature  be  raised  gradually,  the 
gas  will  be  driven  out  slowly  and  regularly.  If  the  vessel  be 
weighed  before  and  after  the  heating,  the  loss  in  weight  will  equal 
the  weight  of  hydrogen  that  has  been  expelled.  It  is  possible, 
therefore,  with  an  apparatus  of  small  dimensidns  to  weigh  com- 
paratively large  volumes  of  hydrogen.  Preliminary  experiments 
showed  that  100  grams  of  palladium  foil  will  readily  absorb  from 
.6  to  .7  grams  of  hydrogen,  and  that  with  an  apparatus  having  a 
volume  of  about  150  cm^.  and  weighing  180  grams,  it  is  possible  to 
weigh,  with  great  accuracy,  an  amount  of  hydrogen  which  in  the 
gaseous  state  would  occupy  a  volume  of  from  7  to  8  litres.  Be- 
sides the  precision  gained  in  weighing.  Reiser  claims,  that,  by  the 
use  of  palladium,  the  hydrogen  may  be  obtained  in  a  greater  state 
of  purity,  since  palladium  possesses  a  selective  power  for  hydrogen 
when  mixed  with  other  gases  or  even  when  in  combination,  as  in 
some  of  the  hydrocarbons,  and  this  claim  seems  supported  by  the 
experiments  of  Graham,  Wohler,  Wilm  and  Hempel  together  with 
those  of  his  own. 

The  apparatus  employed  for  the  combustion  involved  a  consid- 
erable number  of  rubber  connections,  but  these  were  varnished  and 
securely  wired.  By  this  method  Reiser  obtained  as  the  mean  of 
ten  determinations  a  value  of  15.9492  for  the  atomic  weight  of  hy- 
drogen. 

Morley,  whose  admirable  researches  upon  the  composition  of  the 
atmosphere,  and  upon  the  drying  of  gases  by  sulphuric  acid  and 
phosphorus  pentoxide,  are  so  well  and  favorably  known,  has  pro- 
posed^ several  promising  plans  for  the  determination  of  this  im- 
portant ratio,  which  he  has  been  developing  for  some  years  and  to 
which  the  researches  spoken  of  may  be  regarded  as  preliminary,  it 
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is  sincerely  to  be  hoped  that  his  health  may  soon  permit  him  to 
carry  them  to  a  soccessfal  issue. 

While  presenting  to  the  British  Association  a  preliminary  no- 
tice^ of  his  experiments  for  determining  the  atomic  weight  of  gold. 
Prof.  Mallet  suggested  that  the  most  important  direction  in  which 
an  advance  in  our  knowledge  of  the  atomic  weights  was  to  be 
made  was  by  endeavoring  to  eliminate  ^'constant  errors,"  as  dis- 
tinguished from  mere  personal  or  casual  errors  of  experiment,  from 
our  results.  We  have  been  taught  by  the  example  of  Staa  to  re- 
duce the  latter  to  very  small  values  by  minute  and  elaborate  pre- 
cautions, but  the  former  are  always  to  be  suspected,  and  all  con- 
ceivable means  should  be  used  to  avoid  them.  The  following  were 
pointed  out  as  among  the  most  important  of  such  means : — 

(1)  Inevery  case  resort  to  ^^fractional"  methods  for  the  purification 
of  the  materials  to  be  used,  assuming  the  materials  to  be  pure  only 
when  earlier  and  later  fractions  give  sensibly  identical  results. 

(2)  Use  great  care  in  the  study  of  the  reactions  which  are  depended 
upon  for  the  final  determinations  of  the  atomic  weights,  looking  es- 
pecially to  any  possibility  of  the  occurrence  of  secondary  or  subsid- 
iary reactions. 

(8)  Adopt  methods  by  which  (a)  the  atomic  weight  to  be  deter- 
•mined  may  be  connected  directly  with  that  of  hydrogen,  or  (6),  if 
<x>nnected  indirectly  by  the  intervention  in  each  single  determi- 
nation of  BA  few  other  elements,  but  in  determinations  by  different 
methods  of  as  many  other  elements  as  possible  of  supposed  well- 
Jcnown  atomic  weight. 

Dr.  Mallet  has  devised  a  method  for  determining  the  atomic 
weight  of  gold  by  which  the  final  weight  may  be  directly  connected 
with  hydrogen.  The  volume  of  hydrogen  which  is  evolved  by  a 
given  weight  of  zinc  of  a  high  degree  of  purity  when  dissolved  in 
dilute  sulphuric  acid  is  first  determined  and  a  solution  of  auric 
chloride  or  bromide  is  then  treated  with  an  excess  of  the  same  zinc. 
When  the  gold  in  solution  ceases  to  precipitate,  the  excess  of  zinc 
is  dissolved  in  dilute  sulphuric  acid  and  the  hydrogen  evolved 
measured.    The  precipitated  gold  Is  collected  and  weighed. 

The  difference  between  the  volume  of  hydrogen  which  the  zinc 
gives  when  partly  used  to  replace  a  known  quantity  of  gold  and 
when  used  in  replacing  hydrogen  only,  taken  in  connection  with 
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Begnaalt'i^  determination  of  the  relation  of  weight  to  volume  for 
hydrogen,  affords  the  data  needed. 

An  advantage  in  this  method  consists  in  the  fact  that  neither 
the  weight  of  the  gold  salt  in  solution,  nor  the  atomic  weight  of 
the  halogen  combined  with  the  gold,  nor  the  atomic  weight  of  the 
zinc  need  be  known,  nor  need  the  zinc  used  be  of  assured  pur- 
ity provided  only  that  it  be  uniform  in  character  so  that  a  given 
weight  of  it  can  be  depended  on  to  3'ield  always  the  same  quantity 
of  hydrogen,  and  there  be  no  impurities  present  capable  of  inter- 
fering with  the  collection  of  the  precipitated  metallic  gold  in  a 
state  of  purity. 

Of  course  the  error  in  Regnault's  determination,  as  pointed  out 
by  Lord  Rayleigh,  must  be  corrected  for  here  and  in  fact  must  be 
applied  in  the  revision  of  many  of  the  existing  determinations  of 
the  weights  of  the  various  elements.  The  same  holds  true  for  the 
multitude  of  determinations  of  physical  constants  in  which  Reg- 
nault's  data  have  been  employed  in  the  estimation  of  the  final  values. 

I  have  dwelt  at  length  upon  these  important  researches,  not  alone 
because  of  their  individual  intiinsic  value  and  interest,  but  because 
they,  as  well  as  many  other  recent  determinations  of  atomic  weights 
which  might  be  cited,  show  that  even  yet,  with  all  the  advantages 
of  purity  of  material,  perfection  of  apparatus  and  precision  of 
methods,  united  to  great  skill  and  extensive  attainments  on  the 
part  of  the  experimenters,  the  attractive  hypothesis  of  Prout  re- 
mains experimentally  unproved.  Many  hold  that  the  failure  in  the 
proof  has  been  due  to  constant  errors  in  the  experimental  processes, 
but  Meyer  and  Seubert,'  from  an  elaborate  discussion  of  the  deter- 
minations of  the  atomic  weight  of  silver  and  of  those  of  the  other 
more  important  elements  calculated  by  its  means,  declare  that  they 
all  contradict  Front's  hypothesis  in  its  characteristic  original  con- 
ception and  that  it  must  therefore  be  looked  upon  as  having  been 
disproved  by  experiment. 

Crookes^  suggests  a  hypothesis  which  may  account  for  certain  of 
the  discrepancies  in  the  atomic  weight  determinations  without  re- 
sorting to  the  supposition  of  constant  errors.  He  supposes  that 
elements,  instead  of  being  composed  of  parts  of  matter  which  are 
identical  throughout,  are  really  composed  of  groups  of  particles 
which  are  only  approximately  alike  and  whose  weights  only  approx- 
imate to  that  average  which  we  call  the  atomic  weight.    Hence  it  is 
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possible  that  in  different  portions  of  sach  congeries  different  average 
values  within  small  limits  may  obtain.  Granting  this,  it  is  remark- 
able that  such  close  coincidences  should  result  as  have  resulted 
from  the  observations  made  on  material  obtained  from  widely  sep- 
arated sources. 

The  determination  of  molecular  weights  is  of  nearly  equal  im- 
portance with  that  of  the  weights  of  the  atoms,  for  the  validity 
of  our  modern  theories  of  chemistry  greatly  depends  upon  the  exact- 
ness with  which  the  molecular  magnitudes  are  defined.  It  is  of 
course  comparatively  easy  to  ascertain  by  analysis  the  proportions 
in  which  the  elementary  substances  exist  in  the  compound  and 
from  this  data  to  calculate  an  empirical  formula  which  satisfies, 
but  which  may  be  but  some  multiple  of  the  true  molecular  formula. 
Thanks  to  Avogadro's  law  we  are  able,  when  the  substance  can 
be  obtained  in  the  gaseous  state,  to  determine  which  among  the  de- 
rived expressions  is  the  true  one ;  for  we  have  only  to  determine 
the  vapor  density  by  the  methods  of  Dumas,  or  Hofmann,or  Vic- 
tor Meyer,  by  the  diffusion  method  of  Graham,  or  by  others  which 
have  been  suggested,  and  the  number  found  is  a  close  approxima- 
tion to  one-half  the  true  molecular  weight.  When,  however,  the 
body  could  not  be  completely  volatilized  unchanged  at  temper- 
atures conveniently  realized  we  have,  until  recently,  been  dependent 
upon  isomorphism  and  the  laws  of  molecular  volumes  and  of  specific 
heats  and  upon  analogical  comparisons  to  furnish  us  with  estimates 
of  the  molecular  weights. 

When  the  bodies  are  volatile,  but  at  temperatures  so  high  that 
our  methods  for  determining  the  vapor  densities  are  unavailable, 
we  may  avail  ourselves  of  this  function  as  a  measure  of  the  mo- 
lecular weights ;  for  numerous  observations  have  shown  that  the 
relative  volatilities  of  substances  depend  not  only  on  the  compo- 
sition of  the  bodies  but  also  on  their  molecular  weights,  and  in 
general  other  things  being  equal  the  volatility  increases  inversely  as 
the  molecular  weight.  Unfortunately  from  the  study  of  volatile 
liquids  it  has  been  found  that  among  metameric  bodies  the  rule  is 
modified  and  the  effect  of  the  molecular  grouping  of  the  atoms  be- 
comes noticeable,  while  in  some  isologous  series  the  rule  is  reversed, 
so  that  the  method  has  but  a  limited  application  while  the  results 
at  the  best  give  but  rough  approximations  to  the  true  molecular 
weights. 

It  is  held  that  "a  closer  investigation  of  the  internal  movements 
of  liquids  especially  ft'iotion,  diffusion  and  conductivity  of  heat 
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will  yield  the  safest  means  of  determining  the  weights  of  the  mol- 
ecules which  actually  exist  in  the  liquid  state.  But  the  theory  of 
these  phenomena  would  require  a  special  development  based  on 
a  definite  idea  of  the  properties  of  the  molecule  before  it  would 
be  possible  to  draw  conclusions  as  to  the  values  for  the  molecules 
from  the  observations  which  have  been  and  have  yet  to  be  made." 

In  1788  Blagden  showed  that  when  inorganic  salts  are  dissolved 
in  water  the  freezing  points  of  the  solutions  are  reduced  by  an 
amount  proportional  to  the  weight  of  the  substance  dissolved  in  a 
constant  weight  of  water.  De  Coppet,  in  1871-72,  pointed  out  that 
when  this  diminution  is  calculated  for  a  determinate  quantity  of 
the  substance  dissolved  in  100  grams  of  water  the  result,  which  he 
terms  thecoefficient  of  depression,  is  constant  for  the  same  substance, 
and  that  the  coefficients  for  different  substances  bear  a  simple  re- 
lation to  their  molecular  weights.  Raoult  has  shown  what  these 
relations  are,  has  extended  the  investigation  to  organic  substances 
and  to  other  solvents  than  water,  and  has  deduced  a  formula,  by 
which,  knowing  the  weights  of  the  substance  employed  and  of  the 
solvent  and  the  depression  of  the  freezing  point,  the  molecular 
weight  may  be  calculated.  He  has  examined  a  large  number  of 
substances  whose  molecular  weights  had  previously  been  deter- 
mined by  their  vapor  densities  and  the  results  obtained  illustrate 
in  a  remarkable  manner  the  accuracy  and  general  applicability  of 
this  new  method.  Paterno  and  Hasini,^  Victor  Meyer,^  Auwers,^ 
Brown  and  Morris^  and  others  have  applied  the  method  and  find 
it  in  general  to  hold,  especially  when  acetic  acid  is  used  as  the 
solvent. 

The  process  is  very  simple  for  it  requires  only  a  small  beaker 
or  test  tube  which  is  closed  by  a  cork  perforated  with  three  open- 
ings through  one  of  which  a  thermometer  is  passed,  through  the 
second  a  stirrer  is  passed  and  througlvthe  third  a  bit  of  the  solid 
mixture  is  dropped  in  order  to  produce  congelation.  A  weighed 
quantity  of  the  solution  of  known  proportions  is  placed  in  the  vessel, 
the  whole  immersed  in  the  freezing  mixture,  the  bit  of  solid  dropped 
in  and  the  temperature  of  freezing  noted. 

Ramsay^  has  applied  this  method  to  the  determination  of  the  much 
discussed  question  of  the  molecular  weight  of  nitric  peroxide  in 
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the  liquid  state  and  he  obtains  a  value  which  leads  to  the  formula 

of  N  A- 

There  has  long  existed  a  conviction  in  the  minds  of  many  that 
the  molecular  constitution  of  bodies  in  the  solid  state  was  much 
more  complex  than  in  the  gaseous,  owing  to  polymerization,  and 
the  opinion  finds  support  in  the  diminishing  density  and  increas- 
ing molecular  simplicity  of  such  bodies  as  acetic  acid  and  sulphur 
when  subjected  to  high  temperatures,  or  as  has  been  more  recently 
shown  by  Mensching  and  Victor  Meyer^  in  the  case  of  phospho- 
rus and  arsenic,  which  when  at  a  white  heat  give  densities  equiv- 
alent to  the  formulas  P^  and  As,  instead  of  those  more  complex 
formulas  which  have  been  generally  accepted  up  to  this  time. 

By  analogy  this  condensation  or  aggregation  of  molecules  should 
proceed  as  we  pass  from  the  gaseous,  through  the  liquid,  the  to 
solid  state.  Is  it  not  singular  that  the  molecular  weights  derived 
by  Raoult's  method  for  bodies  in  a  state  of  solution  should  be  iden- 
tical or  approximately  so  with  those  deduced  from  their  densities 
in  the  state  of  a  gas?  This  method  fails  to  afford  any  indication 
whatever  of  this  molecular  complexity  in  solids  and  liquids.  Must 
it  not  then  be  assumed  that  the  solvent  has  effected  the  complete 
dissociation  of  the  complex  molecules  present  in  it?  If  so,  this 
probably  extends  to  all  cases  of  true  solution  without  chemical 
action,  if  such  there  be,  and  this  is  assumed  in  this  method,  for 
although  the  solvent  used  has  been  varied,  all  have  given  similar 
results. 

Until  recently  we  have  known  little  precisely  about  the  nature 
of  solution.  It  has  been  held  by  some  that  the  phenomena  of 
solution  differ  essentially  from  those  chemical  combination,  inas- 
much as  in  the  former  we  have  to  do  with  gradual  increase  up  to 
a  given  limit,  termed  the  point  of  saturation,  whereas  in  the  latter 
we  observe  the  occurrence  of  constant  definite  proportions  in  which, 
and  in  no  others,  combination  occurs.  ^^  Solution  obeys  a  law  of 
continuity,  chemical  combination,  one  of  sudden  change  or  discon- 
tinuity." 

But  solution  is  often  attended  with  a  thermal  change  and  from 
many  considerations  it  would  appear  that  the  process  is  attended 
with  the  development  of  both  chemical  and  physical  phenomena ; 
for  by  the  addition  of  water  to  a  concentrated  solution  of  a  chem- 
ical compound,  a  separation  of  the  compound  into  two  or  more  con- 
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stitnents  is  sometimes  effected,  the  amount  of  chemical  change  be- 
ing frequently  dependent  on  the  relative  masses  of  the  water  and  the 
dissolved  compound  and  the  temperature.  If  the  masses  are  kept 
constant,  the  amount  of  chemical  change,  in  some  cases,  increases 
as  the  temperature  rises,  and  the  original  compound  is  re-formed 
on  cooling. 

This  decomposition  may  proceed  even  at  ordinary  or  below  the 
ordinary  temperatures,  as  for  instance  in  a  saturated  solution  of 
ammonium  acetate,  which  loses  ammonia  when  a  current  of  hydrogen 
is  passed  through  it  even  at  0°,  showing  that  the  solution  probably 
contains  free  ammonia  and,  if  so,  free  acetic  acid  also ;  or  in  an  aque- 
ous solution  qf  ferric  chloride,  which  undergoes  partial  separation 
into  hydrochloric  acid  and  a  soluble  form  of  ferric  hydroxide,  the 
amount  of  separation  increasing  as  the  dilution  increases. 

^* Analogies  have  been  traced  between  such  changes  as  these  and 
processes  of  dissociation.  But  even  the  simplest  case  of  so-called 
dissociation  in  solution  presents  much  more  complex  phenomena 
than  a  case  of  true  dissociation.    The  action  of  water  has  been 

■ 

compared  to  that  of  pressure ;  dilution  has  been  regarded  as  anal- 
ogous to  decreased  pressure.  In  most  of  these  so-called  dissocia- 
tions, water  is  one  of  the  constituents  of  the  dissociating  system ; 
hence,  judging  ftrom  the  supposed  analogy,  we  should  expect  the 
process  to  become  slower  and  finally  stop  as  the  quantity  of  wa- 
ter increases.  But  the  reverse  of  this  actually  occurs.  The  wa- 
ter probably  exerts  two  actions :  one  which  may  be  called  physical 
whereby  an  increase  in  the  quantity  of  water  gives  greater  free- 
dom of  motion  to  the  particles  of  dissolved  substance,  and  also 
lessens  the  chances  of  combination  between  the  separated  constit- 
uents of  the  substance ;  and  another,  which  may  be  called  chemi- 
cal, whereby  an  increase  in  the  quantity  of  water  determines  the 
formation  or  decomposition  of  definite  compounds  which  would  not 
otherwise  be  produced.  While  an  increase  in  the  quantity  of  wa- 
ter may  in  one  respect  tend  to  increase  the  amount  of  chemical 
change,  it  may,  in  the  other  respect,  exert  an  influence  in  the  oppo- 
site direction.  When  the  physical  is  more  marked  than  the  chem- 
ical action  of  water,  we  shall  have  phenomena  resembling  those 
presented  in  gaseous  dissociation."^ 

Some  of  the  advocates  of  the  chemical  view  have  urged  that 
solution  was  attended  with  the  formation  of  hydrates  varying  with 
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the  dilution.  This  hydrate  theory  has  been  stndied  by  Thomsen 
from  a  thermo-chemical  standpoint,  and  considering  tlie  whole  of  his 
investigation  on  the  heats  of  solution  and  dilution  of  acids,  alka- 
lies and  salts,  he  holds  that  the  results  he  has  obtained  are  alto- 
gether opposed  to  the  supposition  that  aqueous  solutions  of  these 
compounds  contain  Tarious  hydrates  diflTering  in  composition  with 
the  amount  of  water  present.  His  results  rather  point  to  the  hy- 
pothesis that  when  an  acid,  an-alkali,  or  a  salt,  dissolves  in  water, 
either  a  hydrate  is  formed  and  dissolves  as  such,  or  the  compound 
is  dissolved  without  combination  with  the  water,  and  that  an  in- 
crease in  the  quantity  of  water  does  not  affect  the  chemical  compo- 
sition of  the  solution.  At  the  same  time  dilution  is  always  attended 
with  a  thermal  change,  the  cause  for  which  he  finds  in  the  changes 
of  the  states  of  motion  of  the  particles  of  the  solutions.  When 
two  liquids  mix  without  any  tendency  to  separation,  it  is  suggested 
that  such  changes  in  the  motion  of  the  two  kindsof  particles  occur  as 
result  in  the  formation  of  a  homogeneous  liquid,  the  particles  of 
which  are  in  equilibrium  because  the  mean  motions  of  the  differ- 
ent particles  are  the  same.  But  this  mutual  accommodation  of  the 
particles  is  accompanied  by  a  transference  of  energy  from  one 
kind  to  another,  and  it  is  to  such  transferences  of  energy  that  the 
cause  of  .the  thermal  changes  is  to  be  referred. 

In  a  series  of  valuable  papers,  W.  W.  J.  Nicol  has  also  sought 
to  show  that  the  hydrate  theory  is  untenable,  and  his  conclusions 
have  met  with  approval. 

Mendel^ff^  has  recently  put  forward  the  following  hypothesis :  so- 
lutions may  be  r^arded  as  strictly  definite,  atomic,  chemical  com- 
binations at  temperatures  higher  than  their  dissociation  tempera* 
tures.  Definite  chemical  substances  may  be  either  formed  or  de- 
composed at  temperatures  which  are  higher  than  those  at  which 
dissociation  commences ;  the  same  phenomenon  occurs  in  solutions ; 
at  ordinary  temperatures  they  can  be  either  formed  or  decomposed . 
In  addition,  the  equilibrium  between  the  quantity  of  the  definite 
compound  and  of  its  products  of  dissociation  is  defined  by  the  laws 
of  chemical  equilibrium,  which  laws  require  a  relation  between 
equal  volumes  and  their  dependence  on  the  mass  of  the  active 
component  parts.  Therefore,  if  the  above  hypothesis  of  solution 
be  correct,  comparisons  must  be  made  of  equal  volumes ;  the  spe- 
cific gravities  are  the  weights  of  equal  volumes,  and  moreover  we 
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mast  expect  the  specific  grayities  of  solations  to  depend  on  the 
extent  to  which  the  active  substances  are  produced ;  therefore,  the 
expression  for  specific  gravity  «,  as  a  function  of  the  percentage 
composition  p,  must  be  a  parabola  of  the  second  order,  while  be- 
tween two  definite  compounds  which  exist  in  solutions  we  must 
expect  that  the  differential  coefficient  -^  will  be  a  rectilinear  func- 
tion of  p.  This  consequence  can  be  verified  by  experiment  while 
at  the  same  time  it  affords  the  means  for  ascertaining  what  are  the 
definite  combinations  existing  in  the  solution.  Applying  this  method 
to  the  solution  of  water  and  alcohol  he  finds  three  definite  combina- 
tions to  exist,  two  of  which  he  isolated  and  he  demonstrates  graph- 
ically the  rectilinear  character  of  the  differential  coefficient. 

This  hypothesis  respecting  the  rectilinear  character  of  the  diflllBr- 
ential  coefficient  has  been  proved  by  Mendel6eff  to  be  correct,  not 
only  for  solutions  of  a  hundred  different  salts  but  also  for  solu- 
tions of  HsS04,  NHs,  HCl  and  similar  substances,  and  not  a  single 
exception  has  been  met  with. 

Crompton^  has  extended  this  theory  of  solution  to  the  discussion 
of  the  electrical  conductivity  of  aqueous  solutions ;  taking  for  this 
purpose  sulphuric  acid  and  a  number  of  other  typical  substances. 
In  a  recent  paper  Mendel6eff  has  concluded,  from  a  discussion  of 
the  data  for  sulphuric  acid,  that  this  acid  forms  four  hydrates  and, 
of  the  four  deduced,  two  were  already  recognized  by  chemists. 
Now  taking  the  curves  which  show  the  relation  between  electrical 
conductivity  and  percentage  composition,  plotted  from  data  supplied 
by  Kohlrausch,  Grompton  sought,  by  treating  the  electrical  con- 
ductivity as  a  function  of  the  percentage  composition  and  differen- 
tiating in  Mendel^eff's  manner,  to  determine  if  this  curve  could  not 
be  broken  up  so  as  to  give  evidence  of  the  definite  hydrates  above 
mentioned.  The  first  differential  coefficient  failed  to  do  this ;  but 
assuming  that  the  function  might  be  of  the  third  order,  and  taking 
the  second  differential  coefficient,  a  curve  resulted  which  consisted 
of  a  series  of  rectilinear  curves  showing  breaks  which  occurred  at 
the  points  corresponding  with  the  composition  of  the  hydrates  dis- 
covered by  MendeUeff,  with  the  addition  of  one  other. 

This  most  important  concurrence,  with  Mendel6eff's  result,  besides 
helping  to  confirm  the  latter  proves  that  the  electrical  conductiv- 
ity of  sulphuric  acid,  if  not  wholly  due  to,  is  largely  influenced  by, 
the  formation  of  definite  hydrates  in  solution ;  and  that  the  recti- 
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linear  character  of  the  second  differential  coefficient  carve  gives  ns 
the  means  of  ascertaining  what  hydrates  there  are  which  exercise 
this  influence. 

At  the  Montreal  meeting  of  the  B.  A.  A.  the  President,  Lord 
Ray leigh,  said  in  his  address,  ''From  the  ftirther  study  of  elec- 
trolysis we  may  expect  to  gain  improved  views  as  to  the  nature  of 
the  chemical  reactions  and  of  the  forces  concerned  in  bringing  thera 

about I  cannot  help  thinking  that  the  next  great 

advance,  of  which  we  have  already  some  foreshadowing,  will  come 
on  this  side.  And  if  I  might  without  presumption  venture  a  word 
of  recommendation,  it  would  be  in  favor  of  a  m«re  minute  study  of 
the  simple  chemical  phenomena." 

In  presenting  his  theory  on  electrolytic  conduction,  in  which  he 
holds  that  in  the  case  of  composite  electrolytes,  such  as  mixtures  of 
sulphuric  acid,  or  hydrogen  chloride  and  the  like  with  water,  elec- 
trolysis is  the  outcome  of  the  combined  action  of  the  £.  M.  F.  and 
of  some  effect  which  the  one  set  of  molecules  exerts  upon  the  other 
set,  while  both  are  under  the  influence  of  the  £.  M.  F.,  Dr.  Arm- 
strong^ contends  that,  thanks  to  Mendel^eff,  the  great  advance  of 
which  Lord  Rayleigh  spoke  is  no  longer  far  distant,  and  that  it  is 
patent  that  electrolysis  is  primarily  an  affair  of  molecules ;  that 
electrolysis  takes  place  in  consequence  of  an  influence  which  one 
set  of  molecules,  A^  exercises  upon  another  set  of  molecules,  B. 
The  results  which  Mr.  Crompton  has  obtained  are  to  his  mind  con- 
clusive on  this  point,  the  information  afforded  by  the  study  of 
sulphuric  acid  solutions  being  alone  sufficient ;  and  they  are  of 
special  importance  as  indicating  the  superiority  of  electrical  val- 
ues over  all  others  in  any  discussion  of  the  constitution  of  complex 
systems  of  dissociable  compounds.  This  was  to  be  expected,  as, 
on  the  hypothesis  under  discussion,  the  variations  in  the  electri- 
cal values  would  represent  variations  in  the  extent  to  which  the  one 
set  of  molecules  affect  the  other  set,  the  electrical  values  serving 
in  fact  to  quantify  an  influence,  for  changes  in  constitution  or 
structure  might  well  occur  which  would  involve  but  a  slight  deg- 
radation of  energy  and  consequently  a  slight  change  in  density 
and  many  other  physical  properties,  and  which  yet  might  lead  to 
a  relatively  very  considerable  change  in  the  extent  to  which  the 
compound  oould  exert  an  influence  on  the  course  of  electrolytic  or 
chemical  change.    In  the  case  of  sulphuric  acid  the  evidence  is 
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all  but  complete,  and  it  is  no  exaggeration  to  say  that  every  pecu- 
liarity of  the  acid  is  faithfully  pictured  in  the  second  differential  co- 
efficient curve. 

Mendel^efTs  hypothesis  is  supported  also  by  the  results  obtained 
by  Pickering  in  his  study  of  the  heat  evolved  by  the  dilution  of 
solutions  of  calcium  chloride.  Taking  temperature  and  percentage 
composition  as  his  factors  he  has  found  a  second  differentiation 
necessary  to  reduce  the  original  curves  to  straight  lines.  Owing 
to  the  multiplicity  of  the  breaks  and  the  smallness  in  percentage 
differences  corresponding  to  each  additional  molecule  of  HgO,  it 
was  extremely  difficult,  in  some  instances,  to  locate  the  exact  posi- 
tion of  breaks ;  but  by  taking  the  densities  of  the  solutions,  and 
treating  the  curve  as  Mendel6eff  had  done,  the  points  at  which  the 
breaks  occurred  in  the  curve  corresponded  precisely  with  those  in 
the  heat  curve,  and  they  corresponded  as  accurately  as  could  be 
expected  with  definite  molecular  proportions  of  water. 

Judging  from  the  inspection  of  the  periodical  literature,  Lord 
Rayleigh  in  recommending  the  more  minute  study  of  the  simpler 
chemical  phenomena  was  but  voicing  an  opinion  which  had  formed 
itself  in  the  minds  of  many  investigators,  and  the  results  of  tliese 
efforts  show  that  in  the  case  of  many  of  the  most  familiar  chemi- 
cal processes,  the  reactions  are  quite  complex  and  are  dependent 
upon  a  variety  of  conditions.  Even  the  well-known  case  of  the 
decomposition  of  potassium  chlorate  by  heat  is  shown  by  Teed  and 
by  Frankland  and  Dingwall  to  be  extremely  complex,  thus  confirm- 
ing the  assertions  of  Maumene.  As  has  long  since  been  accepted 
for  reactions  such  as  take  place  in  mixtures  like  gunpowder,  the 
equations  usually  given  for  the  simpler  chemical  reactions  can  only 
represent  the  initial  and  final  states  for  a  single  set  of  conditions. 

Berthollet  urged  the  study  of  these  conditions  more  than  eighty 
years  ago  when  advancing  his  views  on  the  nature  of  affinity,  which 
he  held  to  be  a  phase  of  the  same  fundamental  property  of  matter 
as  that  to  which  universal  gravitation  owes  its  origin,  the  action  ap- 
pearing more  complicated  than  gravity  because  of  the  close  prox- 
imity of  the  reacting  substances;  for,  under  the  circumstances 
the  phenomena  are  influenced  not  only  by  the  mass  and  distance 
of  the  smallest  particles  or  molecules,  but  also  by  their  form,  their 
distances  from  one  another  and  the  peculiar  conditions  under  which 
they  exist,  and  he  sought  to  explain  these  phenomena  through  the 
application  to  them  of  the  general  laws  of  statics  and  dynamics. 

In  his  masterly  work  on  the  Modem  Theories  of  Chemistry,  Dr. 
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Lothar  Meyer  shows  from  the  discassion  of  an  immense  amount 
of  experimental  data,  that  unless  all  indications  prove  deceptive, 
the  immediate  future  must  bring  us  considerably  nearer  to  a  kinetic 
theory  of  affinity,  if  it  succeeds,  as  we  may  hope,  in  obtaining  a 
definite  notion  of  the  true  nature  of  electricity  as  a  peculiar  form 
of  motion. 

*^The  chemical  statics,  or,  as  we  may  now  call  it,  the  chemical 
mechanics  which  BerthoUet  created  at  the  beginning  of  the  pres- 
ent century,  will  receive  a  totally  different  shape  from  the  intro- 
duction of  the  hypotheses  and  theories  which  have  been  and  which 
in  the  future  will  be  generally  accepted. 

Although  all  the  views  and  hypotheses  from  which  BerthoUet 
started  have  undergone  transformation,  the  aim  he  had  in  view 
remains  unaltered.  It  is  still  the  application  of  the  general  laws 
of  static  and  mechanic  laws  to  chemical  phenomena. 

The  best  proof  that  BerthoUet  was  right  in  his  endeavors  lies  in 
the  fact  that  the  goal  he  had  in  view  remains  unaltered.  The  com- 
pletion of  his  work,  which  was  interrupted  for  many  years,  has 
recommenced,  and  has  been  energetically  pushed  forward  in  the 
last  few  years  by  means  of  the  excellent  methods  we  now  possess. 
The  work  is  troublesome,  but  comparatively  easy.  The  old  frame 
\will  be  refilled  with  the  new  material  which  the  prosperous  develop- 
iment  of  the  science  has  since  yielded  and  daily  oontinues  to  yield. 
The  completion  of  the  work  will  demand  much  time  and  energy, 
>but  rich  will  be  the  reward.  It  will  erect  a  fitting  monument  to 
ithe  glorious  genius  «f  the  founder.** 

The.progress.in  :aDalytical  and  descriptive  chemistry  and  in  the 
tproduction  of  new  compound  bodies  continues  at  such  a  pace  and 
is  so  fertile  in  results  that  the  mere  enumeration  of  them  would  oc- 
cupy more  time  than  Is  at  my  disposal.  But  we  notice  as  most  im- 
portant the  isolation  of  fluorine  by  Moissan,^  after  three  years  of 
labor ;  the  isolation  of  the  radical  substance,  hydrasine,  by  Curtius  ;* 
and  the  discovery  by  Gibbs,'  of  a  remarkable  series  of  bodies  (with 
molecular  weights  reaching  to  over  20,000,  and  possessing  a  mo- 
lecular complexity  which  equal  if  they  do  not  exceed  any  known  to 
organic  chemistry)  which  have  been  prodooed  during  his  researches 
on  the  complex  inoi^ganic  acids.  Organic  chemistry  is  now  culti- 
vated to  an  extent,  especially  in  this  conntiy,  which  mast  be  very 
to  my  disiingQiahed  predecessor,  iHio,  bat  eight  years 
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ago,  made  from  this  chair  a  sound  and  urgent  plea  for  its  wider 
recognition.  A  marked  feature  of  this  recent  advance  has  been 
a  more  complete  effacing  of  the  boundaries  which  were  formerly 
thought  to  distinguish  inorganic  from  organic  chemistry. 

I  must  pause  here  in  my  hasty  sketch  to  note  a  very  curious  re- 
lation which  has  been  observed  by  Dr.  Blake^  between  the  quan- 
ti valence  of  the  inorganic  elements  and  their  biological  action  when 
injected  into  the  circulatory  systems  of  living  animals.  He  has 
employed  salts  in  which  the  electro-positive  elements  varied  in  va- 
lence from  one  to  four,  and  he  found  that  the  biological  action  ex- 
tended with  the  valence,  the  action  of  univalent  elements  being 
confined  to  the  pulmonary  arteries,  while  with  the  quadrivalent  ele- 
ments the  respiratoiy,  the  vasomotor  and  inhibitory  centres,  the 
brain,  spinal  marrow,  cardiac  ganglia  and  pulmonary  arteries  were 
all  affected.  Dr.  Blake  has  already  demonstrated  the  important 
part  played  by  isomorphism  and  atomic  weight  in  acting  upon  liv- 
ing tissue  and  now  regards  vi^lency  as  another  important  factor. 
These  relations  may  furnish  important  assistance  in  researches  in 
molecular  chemistry.  It  must  not  be  forgotten  that  when  New- 
lands  published  the  ^'  periodic  law"  he  made  the  interesting  obser- 
vation that  all  the  elements  which  are  found  in  organized  bodies 
have  atomic  weights  below  forty.  It  may  be  now  added  that  all 
the  electro-positive  elements  found  in  organized  bodies  are  univa- 
lent or  bivalent. 

Among  the  many  hypotheses  concerning  matter  which  have  been 
devised  there  is  probably  none,  and  certainly  none  in  recent  times, 
which  has  been  the  subject  of  more  searching  criticism  than  the 
evolutionary  hypothesis.  Although  the  doctrine  is,  in  the  main,  a 
very  old  one  and  has  been  presented  in  various  forms  for  more 
than  three  centuries  yet  it  has  only  met  with  wide  acceptance  and 
almost  equally  wide  antagonism  since  Darwin  and  Wallace  first 
published  their  theories  of  natural  selection,  as  based  on  the  evo- 
lutionary hypothesis,  some  thirty  years  ago. 

Although  the  argument  of  these  masters  was  most  powerful  and 
supported  by  a  wonderful  array  of  experimental  and  observational 
data  yet  its  success  was  no  doubt  in  a  great  measure  due  to  the 
fact  that  it  was  an  additional  proof  of  the  operation  of  the  law  of 
continuity  in  nature ;  the  action  of  which,  as  set  forth  in  the  neb- 
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ular  hypothesis,  so  well  explained  the  origin  and  development  of 
the  heavenly  bodies.  This  noble  hypothesis  of  Kant's  which  was 
placed  on  a  secure  foundation  by  La  Place  and  presented  in  a  clear 
and  luminous  form,  with  a  masterly  grouping  of  the  evidence  by 
Herschel  stands  to-day  as  one  of  the  noblest  speculations  of  science 
and  the  grandest  example  of  the  application  of  the  doctrine  of  evo- 
lution, yet  Newcomb  is  obliged  to  say  of  it  that  **at  the  present 
time  we  can  only  say  that  the  nebular  hypothesis  is  indicated  by  the 
general  tendencies  of  the  laws  of  nature,  that  it  has  not  been  proved 
to  be  inconsistent  with  any  fact,  and  that  it  is  almost  a  necessary 
consequence  of  the  only  theory  by  which  we  can  account  for  the 
origin  and  conservation  of  the  sun's  heat,  but  that  it  rests  upon 
the  assumption  that  this  conservation  is  to  be  explained  by  the  laws 
of  nature  as  we  now  see  them  in  operation.  Should  any  one  be 
skeptical  as  to  the  sufficiency  of  these  laws  to  account  for  the  pres- 
ent state  of  things,  science  can  furnish  no  evidence  strong  enough 
to  overthrow  his  doubts  until  the  sun  shall  be  found  growing 
smaller  by  actual  measurement,  or  the  nebu1»  be  actually  seen  to 
condense  into  stars  and  systems." 

In  fact  it  is  probable  that  an  enormous  period  of  time  must  elapse 
before  data  can  be  obtained  by  direct  observations  of  this  kind 
on  our  solar  system  which  will  prove  or  disprove  this  hypothesis. 
It  is  true  that  other  methods  of  research  have  been  employed  in  the 
tests  of  this  hypothesis  with  varying  results.  Thus  it  has  been  found 
that  as  more  powerful  telescopes  have  been  constructed  fewer  neb- 
nlse  have  resisted  resolution  and  this  evidence  has  tended  to  under- 
mine the  hypothesis ;  on  the  other  hand,  the  evidence  furnished 
by  the  spectroscope  has  in  general  shown  an  increasing  complexity 
of  constitution  as  we  pass  fVom  the  nebulae  to  the  suns  and  this  has 
tended  to  support  the  hypothesis.  But  neither  of  these  yields  the 
final  and  convincing  proof  which  is  demanded. 

So  too  as  regards  living  things  although  reproduction  may  goon 
in  certain  of  the  lower  orders  of  oi^anized  beings  so  rapidly,  that 
variations  so  marked  may  be  produced  in  successive  generations 
by  changes  of  environment  and  qualifying  conditions  as  to  point 
strongly  to  the  possibility  of  the  passage  from  one  species  to  an- 
other and  hence  the  common  origin  of  all,  yet  the  absolute  proof  is 
wanting,  and  we  are  dealing  here  with  such  complicated  structures 
and  obscure  forces  that  it  is  a  question  whether  the  absolute  proof 
can  be  obtained  by  the  present  methods  of  research. 
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In  geology  and  mineralogy  too,  though  many  of  the  changes  of 
the  contour  of  oar  earth  have  been  observed  in  actual  operation  and 
many  of  the  well-known  minerals  have  been  formed  artificially,  and 
the  transition  of  several  species  has  actually  been  traced  while  tak- 
ing place  in  nature,  yet  here  the  number  of  factors  involved  is  so 
great,  and  the  time  factor  especially  is  so  large  that  many  breaks 
must  and  do  exist  in  the  continuous  series. 

It  is  apparently  to  physics  and  chemistry  that  we  should  first 
look  for  the  experimental  facts  which  prove  or  disprove  the  doc- 
trine of  evolution  as  founded  upon  the  law  of  continuity,  for  here 
we  deal  with  matter  in  its  simpler  forms  and  forces  in  their  sim- 
pler manifestations,  while  it  is  possible  to  so  reduce  the  factors  in 
our  experimental  equations  that  they  may  be  varied  with  compara- 
tive ease  and  in  a  comparatively  short  time,  so  that  the  entire  op- 
eration can  be  conducted  under  our  own  observation.  Besides, 
since  all  bodies  are  composed  of  the  matter  with  which  chemistry 
deals,  and  affected  largely  by  the  forces  with  which  physics  deal, 
it  seems  the  logical  method  of  procedure,  when  possible,  to  begin 
with  the  study  of  the  fundamental  and  simpler  forms  and  to  .build 
the  superstructure  of  our  theory  upon  the  data  so  collected. 

As  a  fact  we  already  owe  to  both  these  sciences  the  existence 
of  positive  evidence  of  the  truth  of  the  doctrine  of  evolution ;  for 
the  synthesis  or  creation  of  compound  bodies  and  their  analysis 
or  disintegration  are  operations  which  are  being  daily  conducted 
in  our  laboratories  and  workshops  at  the  will  of  man,  and  these 
changes  are  not  wrought  upon  inorganic  matter  only,  but  bodies 
such  as  urea,  alcohol,  alizarine,  vaniline,  indigo,  and  a  multitude 
of  others,  which  are  the  products  of  so-called  vital  processes,  have 
been  formed  in  this  way  fh)m  their  elements  by  purely  chemical 
processes ;  while  by  the  methods  of  substitution  and  metathesis 
whole  series  of  homologous  hydrocarbons,  identical  with  those  ex- 
isting in  nature,  have  been  evolved  from  elementary  matter,  and  fur- 
ther we  find  in  allotropism,  isomerism  (in  its  various  degrees),  and 
isoallomerism,  in  the  behavior  of  the  compound  radicals,  and  in 
the  changes  wrought  by  changes  in  the  factors  of  time,  mass  and 
temperature,  positive  evidence  of  the  effect  of  environment  and 
qualifying  conditions  in  determining  the  production  of  species.  In 
truth  the  evidence  supplied  is  so  strong  as  to  have  forced  the  con- 
viction in  the  minds  of  many  of  the  ablest  chemists  that  all  matter 
is  one  and  varies  only  as  it  is  acted  upon  by  force,  while  on  the 
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Other  hand  the  transformations  of  energy  which  are  eontinaally  to 
be  seen  occurring  in  nature  and  in  art  as  continually  prove  the 
truth  of  that  glorious  conception,  the  doctrine  of  the  conservation 
of  energy,  and  equally  force  the  conviction  that  all  energy  is  one 
and  varies  only  in  its  manifestations. 

The  belief  in  the  unity  of  matter  is  as  old  as  philosophy,  and, 
as  has  been  said,  this  belief  has  in  recent  time  been  strengthened 
to  conviction  by  the  development  of  such  facts  as  I  have  alluded  to 
above,  and  this  conviction  has  been  supported  by  the  more  recently 
discovered  evidence  that  the  properties  of  the  elements  are  func- 
tions of  their  atomic  weights  and  that  the  elements  when  arranged 
according  to  their  atomic  weights  fall  into  natural  and  periodic 
groups ;  for  it  is  a  fbndamental  deduction  from  the  law  of  period* 
icity  that  the  various  elementary  atoms  must  be  aggregations  or 
condensations  of  one  and  the  same  primordial  substance.  Strong 
however  as  the  conviction  resting  upon  this  evidence  may  be,  there 
is  yet  lacking  the  crucial  proof ;  for  we  have  as  yet  failed  to  observe 
the  passage  of  matter  from  the  form  of  one  elementary  substance 
to  that  of  another,  or  the  resolution  of  any  element  into  or  its  cre- 
ation from  primordial  matter. 

The  case  for  the  evolution  of  the  elements  from  primordial  mat- 
ter or  protyle  has  been  very  ably  summed  up  by  Crookes  in  his  ad- 
dresses to  the  British  Association^  and  to  the  Chemical  Society* 
and  the  arguments  from  analogy  are  presented  in  a  most  powerful 
manner,  while  in  addition  be  has  biooght  forward  experimental 
proof  of  the  possible  existence  of  bodies  (like  praseo-  and  neo- 
dymium,  the  series  of  elemental  bodies  made  known  to  us  by 
Kruss  and  Nilson,  and  the  numerous  sepmnte  bodies  into  which  it 
is  probable  that  yttrium,  erbium,  samarium  and  other  ^^  elemento" 
commonly  so  called,  have  been  and  are  being  q>Ut  up)  which, 
though  neither  compoimds  nor  mixtures,  are  not  elemento  in  the 
strictest  sense  of  the  word.  These  bodies,  which  be  styles  meU- 
elements,  consist  of  different  groups  which  shade  off  so  imper- 
ceptibly, the  one  into  the  other,  that  it  is  Impossible  to  erect  a 
definite  boundary  between  any  two  adjacent  bodies  and  to  say  that 
the  body  on  this  side  oi  the  line  is  an  element,  whilst  the  mie  on 
the  other  side  is  non-elementary,  or  merely  something  which  simu- 
lates or  ii^KOximates  to  an  element.    Yet  bj  means  of  fractiona- 
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lion  these  bodies  may  be  separated  one  from  the  other  and  then 
they  exhibit  slight  spectral  differences. 

Nordenskiold^  has  also  shown  that  gadolina,  which  is  a  crude 
mixture  of  the  yttrium  group  that  may  be  precipitated  from  the 
minerals  containing  these  earths,  has  a  constant  atomic  weight  and 
lience  that  these  elements  always  occur  in  nature  in  the  same  pro- 
portion. If  this  be  true  for  one  it  may  be  true  for  other  cases  and 
thus  the  idea  of  an  element  as  something  definite,  primary  and  ul- 
timate seems  to  be  growing  less  and  less  distinct. 

Finally,  Griinwald  has  announced  that  during  a  mathematical 
investigation  of  the  changes  which  the  properties  and  especially 
the  spectra  of  two  bodies  undergo  when  they  unite  to  form  a  new 
substance,  he  has  discovered  a  simple  and  important  proposition  of 
a  future  chemico-mathematical  theory  of  perturbations,  and  by  its 
means  has  shown  the  compound  nature  of  hydrogen  and  oxygen 
and  has  demonstrated  the  dissociation  of  hydrogen  in  the  sun.  The 
method  employed  is  a  spectral  one  and  requires  conditions  which 
cannot  be  reproduced  at  the  will  of  man,  so  that  if  it  stands  the 
tests  of  criticism,  which  is  doubtful,  it  will  not  then  enable  us  to 
witness  the  evolutionary  process  in  actual  operation.  Hence,  we 
find  for  the  doctrine  of  evolution  in  the  domain  of  chemistry  that 
the  tests  yield  absolute  results  only  when  applied  to  compound 
matter,  and  that  the  extension  of  the  doctrine  to  the  genesis  of 
the  elements  is  a  pure  speculation  which  bids  fair  at  present  to  be 
as  incapable  of  absolute  proof  as  is  the  nebular  hypothesis. 

1  Compt.  rend.,  1089  Not.  2, 1886. 
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COKFFIOIBNTS    OF    TOLATIUTT    FOB    AQUBOU8    GHLOBHTDRIO    ACID.      By 

Prof.  BoBBRT  B.  Warder,  Washington,  D.  C. 

[ABSTRAOr.lJ 

Aqueous  chlorhydric  acid  may  be  represented  by  the  formala  HjO  + 
nHCl,  where  n  Is  the  namber  of  molecales  of  the  acid,  divided  by  the  num- 
ber of  molecales  of  water.  If  the  composition  of  the  distillate  formed  at 
any  moment  (ander  certain  experimental  conditions)  is  HgO  +  vn  HCl, 
the  factor  v  expresses  the  '*  coefficient  of  volatility." 

When  dilute  acid  (n  =»  .07  to  .11)  was  subjected  to  rapid  fractional  dis- 
tillation, the  experiment  agreed  with  the  equation 

V  =  446n». 

With  slower  boiling,  the  values  of  v  were  reduced  firom  ten  to  thirty  per 
cent. 

When  strong  acid  (n  s  .15  to  .20)  was  boiled  rapidly,  the  values  of  v 
were  approximately  represented  by  the  equation 

V  =  8086n*. 

The  results  are  illustrated  with  diagrams,  and  are  discussed  with  ref- 
erence to  the  thermal  problems  involved. 


On  A  NEW  METHOD  FOR  THE  DETERMINATION  OF  THE  ATOMIC  WEIGHT  OF 

OXYGEN.     By  Prof.  W.  A.  Notes,  Bose  Polytechnic  Institute,  Terre 
Haute,  Ind. 

[ABSTRACT.] 

The  apparatus  which  it  is  proposed  to  use  consists  of  a  U-tube  filled  with 
copper  oxide,  to  one  side  of  which  is  attached  a  tube  with  a  capacity' 
of  about  20  cc.  and  to  the  other  side  a  three-way  stop-cock.  The  U-tube 
will  contain  80  to  100  grams  of  copper  oxide.  It  is  made  of  hard  glass 
and  can  be  heated  while  the  rest  of  the  apparatus  remains  cold.    In  using 

1  This  paper  may  be  expected  In  ftiU  In  the  Annual  Balletin  of  the  U.  8.  Geol.  Snr* 
vey  for  the  chemical  and  pbysloal  diylBlon. 
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the  apparatus,  it  Is  heated,  exhausted  by  means  of  a  Sprengel  air-pump, 
cooled  and  weighed.  The  portion  containing  the  copper  oxide  is  then 
heated  in  an  appropriate  air-bath  and  a  gram  or  more  of  hydrogen  is 
passed  In.  The  hydrogen  is  converted  into  water  by  the  copper  oxide  and 
the  water  formed  condenses  in  the  side-tube  referred  to  above.  The  ap- 
paratus is  then  cooled  and  welglied.  After  weighing,  any  gases  which 
may  remain  in  the  apparatus  are  pumped  out  and  analyzed,  and  thus  a  cor- 
rection which  may  be  necessary  for  Impurities  in  the  hydrogen  is  obtained. 
The  apparatus  is  heated  at  the  same  time  and  all  of  the  water  formed  is 
expelled.  By  weighing  again,  the  amount  of  oxygen  taken  from  the  ap- 
paratns  is  determined. 

The  advantages  of  the  method  are :  the  weight  of  the  hydrogen  is  found 
directly  as  the  dUference  of  two  weights  subject  only  to  a  small  correc- 
tion for  impurities ;  the  weight  of  the  oxygen  is  also  found  directly  and 
independently  of  the  weight  of  the  hydrogen ;  each  is  weighed  In  a  vac- 
uum, and  by  using  a  proper  counterpoise  any  correction  for  the  buoyancy 
of  the  air  becomes  unnecessary ;  impurities  in  the  hydrogen  and  espec- 
ially any  nitrogen  which  it  may  contain  will  be  detected ;  finally,  there  can 
be  no  error  Arom  incomplete  combustion  of  the  hydrogen. 


HaMPB*S  MBTHOD  of  DBTBRMININO  CUfO  IN  MBTALLIG  COPPKR.    By  PTOf. 

Frbd.  p.  Dbwbt,  Smithsonian  Institution,  Washington,  D.  C. 

[ABSTRACT.!] 

Thr  author  found  that  Hampe's  reaction  SCUsO  +  6  AgNO,  +  8H2O  => 
H6CU4N2O)  s  -(-2CuNt06  +  6Ag,  whereby  two-thirds  of  the  copper  is  con- 
verted into  an  insoluble  nitrate  and  remains  with  the  Ag  precipitated  on 
treating  pure  CujO,  with  AgNO,  in  neutral  solution.  Is  modified  by  the 
presence  of  Cu  as  follows : 

4Cu,0  +Cu  +  6AgN03  +  eHjO^SHgCu^NjOi,  +CuNj04  +  6Ag. 

That  Is,  all  the  Cu,0  present  in  the  metallic  copper  remains  in  the  in- 
soluble materiaL 


On  the  constitubnts  of  wintbrqrbbn  lbavbs.  (Gaulthbria  pro- 
GUMBBNS,  Lin.)  By  Prof.  Frbdbrick  B.  Power  and  Norbbrt  C. 
Wekbkb,  Madison,  Wis. 

[ABSTRACT.] 

In  this  investigation  the  authors  have  isolated  the  hydrocarbon  or  ter- 
pene  from  the  volatile  oil  of  wlntergreen,  which  was  stated  many  years 
ago  by  Cahours  (Ann.  Chim.  Phys.  (3),  10,  p.  85S)  to  be  contained  therein, 

^  Published  in  Ml  bi  Proo.  U.  S.  NaUonal  Haaenm  for  1868. 
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and  have  confirmed  and  determined  some  of  Its  physical  properties.  They 
find  the  terpene  to  l>e  present  in  very  much  smaller  amounts  than  has  been 
previonsly  stated  and  generally  accepted.  The  distinguishing  characteris- 
tics of  the  oil  of  wintergreen  and  the  closely  related  volatile  oil  of  sweet 
birchbark  (Betula  lenta,  Lin.)  are  also  demonstrated. 

Experiments  were  furthermore  made  to  ascertain  whether  the  crystal- 
line  poisonous  principle,  isolated  by  Professor  Plngge,  of  Groningen  in  the 
Netherlands,  from  the  leaves  of  several  ericaceons  plants,  and  termed  by 
him  andromedotaxin,  is  also  contained  in  ^he  leaves  of  the  Gaultheria  or 
wintergreen.    This  is  proved  not  to  be  the  case. 


ra 


On  thb  oxidation  of  nitro-p-xtlenr  wiih  potassittm  ferrictanid  b 
By  Prof.  W.  A.  Notes,  Rose  Polytechnic  Institute,  Terre  Haute,  Ind. 

[abstract.  J 

A  8KRIB8  of  experiments  has  been  conducted  for  the  purpose  of  discov- 
ering any  general  laws  which  may  govern  the  oxidation  of  benzene  deriva- 
tives by  potassium  ferrlcyanlde.  One  of  the  most  interesting  results  of 
the  work  has  been  the  discovery,  by  Moses  and  myself,^  that  meta-nltro- 
tolnene  is  oxidized  with  much  greater  difficulty  than  ortho-or  para-nitro- 
toluene.    This  rendered  It  probable  that  if  mono- nitro-para- xylene  were 

subjected  to  the  action  of  the  agent  in  question,  it  would  yield  /9-nitro  pa* 

(^0,H  i.\ 
CeHs—NO,    2.  I,  a  substance  unknown  at  the  time  this 
M3Hi     4./ 

investigation  was  begun.  On  carrying  out  the  oxidation,  the  acid  was 
obtained,  as  expected,  but  only  in  small  quantities.  Larger  amounts  of 
the  acid  were  obtained  by  starting  with  nitro-para-toluidine  and  convert- 
ing it  by  means  of  Sandmeyer's  reaction.  This  method  has  recently  been 
used  independently  by  St.  Niementowski.' 

Barium,  calcium  and  copper  salts  of  both  the  nltro  and  the  amido  acid 
were  prepared  and  analyzed. 

A  second  product  of  the  oxidation  was  a  substance  having  the  composi- 
tion of  nitro-tere-phthalic  acid  with  the  addition  of  two  molecules  of 
water.  As  this  substance  could  not  be  obtained  by  crystallizing  nltro-tere- 
phthalic  acid  under  a  variety  of  conditions,  and  was  only  formed  by  the  ox- 
idation of  nitro-xylene  by  potassium  ferrlcyanlde,  the  water  Is  probably 
water  of  constitution  and  not  water  of  crystallization.     The  substance 

^C((>H), 

probably  has  the  formula,  C.  H,—  no.     ,  and  its  formation  Is  analogous 

to  the  formation  of  ortho-sulphamlne  adds  where  sulphinldes  would  be 
expected.' 

*■  Am.  Chem.  Journal,  7,  U9.  *  Ber.  d.  Chem.  Ges.,  92;  1802. 

s  Am.  Cbem.  Journal,  8, 179. 
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Propyudbnk  di*bthtl  and  di-msthyl  bthkrs.    By  Prof.  Spbncbb  B. 

Nbwburt,  Ck>raell  UniTersity,  Ithaca,  N.  Y.  -i 

[▲B8TBA0T.*] 

By  the  action  of  ethyl  alcohol  and  methyl  alcohol  on  propionic  aldehyde 
in  presence  of  glacial  acetic  acid,  propylidene  di-ethyl  ether  and  propyli- 
dene  di-methyl  ether  were  obtained,  the  former  the  next  higher  homologne 
of  ordinary  acetal.    The  reactions  which  toolc  place  are  as  follows : — 

CHj— CH,— CHO  +  2C,H50H  =  CH,— CH,— CH(OC,Ha),+H,0. 

CH,— CH,— CHO  +  2CH3OH  =  CH3— CH,— CH  (OCHs)  ,  +  H,0. 

Propylidene  di-ethyl  ether  boils  at  122^0. ;  spec,  gray.,  0.8473  at  0®. 

Propylidene  dl-methyl  ether  boils  at  86^-88^0. ;  spec  gray.,  0.8657  at  0^.  | 


Fatal  POisoNiNa  bt  carbon  monoxidk.    By  Prof.  W.  P.  Mason,  Troy, 

N.  Y. 

[ABSTRAOT.] 

Thrbr  deaths,  and  a  number  of  serious  illnesses,  were  caused  by  the 
brealiing  of  a  **  fdel  gas  **  main,  and  the  consequent  escape  into  adjoining 
houses  of  an  odorless  gas  containing  87.5  per  cent  carbon  monoxide.  A 
specimen  of  blood  which  was  taken  ttom  the  heart  caylty  of  one  of  the 
yictims,  although  twenty  months  had  elapsed  since  it  was  collected,  still 
presented  the  same  brilliant  red  color,  and  gaye  the  spectrum  absorption 
bands  as  strongly  as  when  ftesh. 


The  8AFBTT  OF  COMBIERGIAL  KER06BNB  OILS.     By  Prof.  SPBNCKR  B.  NEW- 

BURT,  Cornell  Uniyerslty,  Ithaca,  N.  Y. 

[ABSTRACT.*] 

Tests  made  by  the  author  show  that  the  oil  in  modem  lamps  with  cir- 
cular or  double  wick  often  becomes  heated  to  110^  to  112^  P.,  a  tempera- 

t  The  ftiU  text  of  this  paper  will  appear  In  the  Amerioaa  Chemical  JonmmL 


A  NEW  VBOETABLE  DTE.    By  Dr.  Thomas  Taylor,  U.  S.  Department 
Agriculture,  Washington,  D.  C. 

[ABSTRACT.] 

A  RICH  crimson  liquid  extracted  fh)m  a  mushroom  of  the  genus  £ac(a-  J 

ritM,  when  applied  to  paper  produces  a  delicate  salmon  tint.  An  alkali 
applied  to  the  paper  thus  stained  changes  the  tint  to  lilac,  thus  affording  a 
test  for  alkalies.  The  lilac  color  changes  again  to  salmon  on  the  applica- 
tion of  a  weak  acid.  I 
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tare  considerably  above  the  usnal  legal  flashing  point.  As,  however,  It 
Is  not  yet  proved  that  the  vapor  of  oils  of  high  flashing  point  Is  capable 
of  giving  dangerous  explosions  ndth  air  at  any  temperatare,  experiments 
were  made  In  the  hope  of  establishing  a  clear  relation  between  the  flash- 
ing point  and  the  danger  of  explosion. 
The  following  conclaslons  were  reached : 

1.  All  the  paraflanes  up  to  decane,  and  probably  also  higher  members 
of  the  series,  will  at  suitable  temperatures  form  explosive  mixtures  with 
air. 

2.  Oils  which  flash  at  a  point  considerably  above  100^  F.  may  under 
proper  circumstances  give  violent  explosions  at  their  flashing  tempera- 
ture. 

8.  An  oil  consisting  of  pure  decane,  CioHgs,  would  be  accounted  a  safe 
oil  by  the  legal  flashing  point  test  of  New  York  state,  while  one  consist- 
ing of  nonane,  CgHso*  would  be  below  the  standard. 

A  sample  of  illuminating  oil  of  good  quality  yielded  on  fractional  distil- 
lation about  one  and  one-half  per  cent  of  octane,  and  notable  quantities 
of  nonane  and  decane.  To  samples  of  the  same  oil,  and  also  to  samples 
of  *'  mineral  sperm  "  oil,  varying  proportions  of  pentane,  hexane  and  hep- 
tane were  added,  and  the  reduction  of  the  flashing  points  noted. 

These  experiments  show  that  an  oil  heated  above  its  flashing  point  Is 
dangerous,  whether  that  point  be  high  or  low.  Oils  which  flash  below 
120^  F.  are  not  safe  to  use  In  the  powerfully-heating  lamps  which  are  now 
so  largely  employed. 


Lakb  Erdb  water  at  Cleveland,  Ohio.    By  Albert  W.  Smith,  Cleve- 
land, Ohio. 

[AB8TKA0T.] 

An  account  of  a  chemical  examination  of  the  water  with  reference  to  lo- 
cating the  new  tunnel  of  the  Water  Works'  Department. 


Some  notes  on  progress  in  chemical  methods  of  water  analysis 

WITH    ESPECIAL  REFERENCE    TO    THE    ABfMONIA    PROCESS.        By    Frof. 

Frank  H.  Morgan,  Cornell  University,  Ithaca,  N.  Y. 

[ABSTRACT.] 

The  lines  of  enquiry  which  now  demand  the  attention  of  workers  in  this 
direction  may  be  summarized  as  follows : 

First,  A  careAil  revision  and  adoption  of  uniform  methods  of  procedure 
for  those  processes  at  present  In  general  use. 

Second,   Careftil  Investigation  of  modlflcatlons  of  the  "ammonia"  and 
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"oxygen'*  processes,  designed  to  render  more  deflnlte  resalts  as  to  the 
nature  and  amount  of  organic  matter  In  a  water. 

ThirtL  Continued  studies  of  the  conditions  of  nitriflcatlon  In  the  soil  and 
Its  relations  to  pnrlflcatlon  of  both  well  and  river  waters. 

Fimrth,  Trials  of  new  reagents  in  a  search  for  means  of  distinguishing 
different  kinds  or  conditions  of  organic  matter.' 

Fifth.  A  careful  study  of  the  relations  of  time,  temperature,  concen- 
tration and  pressure  to  the  action  of  reagents  on  the  organic  matter. 

ifizth.  A  complete  index  to  the  literature  of  potable  water  analysis  and 
careMly  drawn  monographs  of  each  method  in  general  use.' 

The  following  lines  of  inyestlgation  are  being  carried  on  by  the  writer : 

1.  Trial  of  the  action  of  a  constant  volame  of  concentrated  alkaline  per- 
manganate. 

Results  so  far  obtained  show  no  decided  Increase  In  the  amount  of  ni- 
trogenous matter  thus  converted  Into  ammonia. 

2.  Trial  of  the  amount  of  ammonia  that  may  be  obtained  by  a  prelim- 
inary treatment  with  H,804.  Application  of  the  principles  of  Kjeldahrs 
process  was  suggested  by  Prof.  B.  Waller,  Jour.  Am.  Ch.  Soc.,  8*  150,  but 
no  results  have  as  yet  been  published. 

Present  progress  of  the  writer  shows  the  possibility  of  a  considerable 
increase  in  the  amount  of  ammonia  as  compared  with  the  total  ammonia 
obtained  by  the  ordinary  process,  but  satisfactory  regularity  has  not  yet 
been  secured. 

8.  Determination  of  the  amount  of  ammonia  developed  by  the  action  of 
llasCOa  on  the  organic  matter  during  the  ordinary  distillation  of  free 
ammonia. 

The  method  used  is  to  determine  the  real  saline  or  flree  ammonia  by 
direct  test  and  subtract  this  flrom  that  obtained  by  the  ordluaiy  distilla- 
tion with  Na,CO,. 

The  following  results  have  been  obtained : 


t 

AMMONIA  IN  P.  P.  M. 

Direct. 

Diat. 

Diff. 

rkflnftjMl  IWah  am^rmwm 

9.02 
10.80 

.010 

12.45 
18.20 

.028 

2.8S 

SanMi  sewsm  fortT^icht  lioan  old^r ^r •-•«'•-. •••..'^-••« ***•*••.. 

1.40 

A  well  water  trom  a  nupeetad  diatrict  (alb.  am.  0.10  and  ni- 
trstps  n^ S.  n.  D.  m^. ■.■.•..*■••.■■....... .................. 

.007 

Many  experiments  have  l>een  made  npon  the  details  of  the  ammonia 
process.  A  small  amount  of  COt  In  a  distillate  may  diminish  the  color 
developed  by  Nessler  reagent.    The  amount  of  Messier  to  be  added  to  the 


spraetleally  only  one  raacent  haa  baea  in  general  nse. 

*  The  writer  ia  making  an  index  to  the  "*  Ammonia  Prooeaa  "  and  hopes  to  present  a 
sMnograph  at  tlie  next  meeting. 


GHBHI8TBT.  129 

first  distillate  ftom  a  bi-carbonated  water  sboald  not  be  less  than  2.6  cc. 
for  50  cc.  of  distillate. 

In  conclusion,  tbe  adoption  of  a  regalar  method  of  procedare  in  the  nse 
of  the  ammonia  process  is  urged  upon  the  association  to  secure  uniform 
and  comparable  results  flrom  different  worlcers.  The  adoption  of  the  meth- 
ods of  stating  results  of  water  analysis  reported  last  year  will  be  of  little 
advantage  unless  followed  by  such  a  revision  and  adoption  of  methods  of 
procedure  as  shall  render  the  results  definite ;  the  work  of  different  chem- 
ists being  comparable  only  when  based  upon  constant  and  uniform  con- 
ditions. 


PRBUMINART  170TB  UPON  lODINB  AS  A  REAGENT  IN  THE  ANALYSIS  OF  DRINK- 
ING WATER.  By  Prof.  Frank  H.  Morgan,  Cornell  University,  Ithaca, 
N.  Y. 

[ABSTRACT.] 

A  DILUTE  solution  (-^}  of  iodine,  in  presence  of  sulphuric  acid,  acts 
in  a  significant  manner,  bearing  a  definite  relation  to  the  character  of  the 
water  treated. 

While  permanganate  of  potash  in  acid  solution  acts  on  nearly  all  classes 
of  organic  bodies,  iodine  in  acid  solution  has  a  more  limited  and  specific 
action. 

The  procedure,  which  has  given  satisfactory  results,  consists  mainly  in 
adding  a  measured  amount  of  iodine  solution  to  100  cc.  of  the  water  or 
solution  to  be  treated,  acidifying  with  sulphuric  acid,  and  subjecting  to 
any  desired  temperature  (generally  100°  C.)  In  hermetically  sealed  fiasks. 
After  a  definite  time  the  fiask  is  cooled,  opened,  and  the  iodine  absorbed 
determined  by  titrating  the  Aree  iodine  by  thiosulphate. 

A  sewage,  which  by  the  permanganate  process 

consumed  KMn04  equivalent  to  28.7  p.p.  m.  of  oxygen, 
absorbed  Iodine  "         "    7.4    "  **   "    «*        ** 

A  river  water  consumed  KMn04       "         '*    8.8 


((  (I     l(      <t  n 


absorbed  iodine  "         "    0.87  " "   *«    •« 


II 


Some  modifigatioks  of  the  methods  of  organic  analysis  by  combus- 
tion.   By  Prof.  Wm.  L.  Dudley,  Vanderbilt  University,  Nashville, 

Tenn. 

[abstract.!] 

SouD  substances  are  burned  in  a  porcelain  or  platinum  boat  contained 
in  a  platinum  or  glass  tube  which  is  open  at  both  ends.  One  end  is  con- 
nected with  the  calcium  chloride  tube  and  potash  bulbs  in  the  usual  man- 
ner, and  the  other  with  apparatus  to  purify  and  dry  the  air  and  oxygen 
which  are  passed  through  the  tube  during  the  combustion.    The  tube  is 

t  The  All]  paper  wUl  be  printed  in  the  American  Chemical  Jonxnal. 
A.  ▲.  A.  8.  VOL.  ZXXVn.  9 
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filled  one-third  fbll  of  granalated  oxide  of  manganese  prepared  by  strongly 
heating  the  nitrate  over  a  blast  lamp.  The  boat  containing  the  substance 
is  introduced,  the  collecting  bulbs  and  tube  are  attached,  and  a  current  of 
air  is  passed  through  the  apparatus.  The  burners  are  lighted  under  both 
ends  of  the  tube  and  the  substance  is  approached  in  the  usual  way.  The 
combustion  is  finished  in  a  current  of  oxygen. 

Non-volatile  liquids  are  placed  in  a  boat  and  treated  in  substantially  the 
same  manner  as  solids. 

Volatile  liquids  are  weighed  In  a  bulb  having  two  tubes  (each  opposite 
the  other)  which  are  attached  by  rubber  tubing  to  and  between  the  gas 
purifying  apparatus  and  the  combustion  tube  which  is  filled  about  two- 
thirds  ftiU  of  oxide  of  manganese.  The  combustion  tube  is  heated  to  red- 
ness, and  a  current  of  dry  nitrogen  is  passed  through  the  apparatus  to  act 
as  a  carrier  for  the  volatile  liquid  which  is  slightly  warmed.  When  all  of 
the  liquid  has  passed  into  the  tube  a  current  of  oxygen  is  turned  on  to 
complete  the  combustion. 


Frbliminart  note  on  the  final  product  of  thr  action  of  concen- 
trated SULPHURIC  acid  ON  SUGAR.  By  Prof.  Frank  H.  Morgan, 
Cornell  University,  Ithaca,  N.  Y. 

[abstract.] 

In  some  experiments  on  the  solution  of  carbon  by  the  action  of  concen- 
trated sulphuric  acid  and  potassium  chlorate,  the  writer  had  occasion  to 
analyze  various  products  of  the  action  of  sugar  and  sulphuric  acid ;  the 
composition  of  these  products  led  him  to  treat  sugar  with  boiling  concen- 
trated sulphuric  acid  to  see  how  nearly  pure  carbon  could  be  obtained  In 
this  way.  The  final  product  obtained,  upon  which  the  acid  had  no  more 
action,  has  an  ultimate  composition  almost  Identical  with  Brodle's  graphic 
acid  upon  which  he  based  his  determination  of  the  atomic  weight  of 
''graphon". 
Ultimate  product  of  H2SO4  on  sugar       Brodle's  Graphic  Acid  [C^  1U4O9] 

Carbon        61.41 61.04 

Hydrogen     1.77  1.86 

Oxygen       86.82 37.11 

100.00  100.00 

Further  work  is  necessary  to  prove  the  constancy  of  this  result. 


The  chebostry  of  fish.   By  Prof.  W.  O.  Atwater,  Mlddletown,  Conn. 

[ABSTRACT.] 

This  paper  gives  results  of  comparisons  of  analyses  of  American  and  Eu- 
ropean fishes  and  classifications  by  chemical  composition. 
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Thb  quantitibs  of  nttrooen  in  pbotbin  compounds.    By  Prof.  W. 
0.  Atwater,  Middletown,  CoDn. 

[ABSTRACT.] 

This  paper  sammarlzes  results  of  determinations  of  nitrogen  in  animal 
tissues  and  discusses  the  nitrogen-factor  of  protein. 


On  thb  presencb  and  significance  of  abimonia  in  potable  waters. 
By  Prof.  £.  H.  8.  Bailet,  Lawrence,  Kan. 


CoMPOsrrioN  of  salt  brinks  in  northern  Ohio  with  special  refer- 
ence TO  ITS  BBOBONB  AND  LITHIUM  CONTENTS.     By  Prof.   C  F.  Ma- 

BERT  and  Herbert  H.  Dow,  Cleveland,  Ohio. 


The  crystals  of  bxttter  and  fats,  illustrated  bt  lantern  pictures. 
By  Dr.  Thomas  Taylor,  U.  S.  Dept.  of  Agriculture,  Washington. 


Exhibition  of  specimens  of  alloys  of  cast  iron  and  aluminum.    By 
W.  J.  Keep,  Detroit,  Mich.    (By  request  of  the  Section.) 


The  Pierce  process  of  making  charcoal,  and  exhibition  of  speci- 
mens OF  products.  By  Prof.  O.  H.  Landreth,  Nashyille,  Tenn. 
(By  request  of  the  Section.) 
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« 

ilLUMiNUM  is  a  metal  obtained  from  its  oxide,  alnmina.  It  is  white  in 
color  and  very  tenacious,  and  it  alloys  readily  with  iron. 

Cast  iron,  ordinarily  nsed,  is  iron  which  contains  all  the  carbon  that  it 
conld  absorb  during  its  reduction  in  the  blast  fhrnace. 

This  carbon,  when  found  in  chemical  union  with  the  iron,  is  called 
combined  carbon.  In  this  state  it  cannot  be  seen.  It  is  also  found  me- 
chanically mixed  with  the  Iron  in  the  form  of  graphitic  carbon,  when  it 
becomes  visible. 

Other  elements  commonly  found  in  cast  iron  are  phosphorus,  sulphur, 
manganese  and  silicon. 

The  natural  condition  of  carbon  in  iron  Is  the  combined  state.  The 
presence  of  silicon  drives  a  portion  of  the  carbon  into  the  graphitic  state. 

Sulphur,  manganese  and  phosphorus  do  not  cause  the  carbon  to  leave 
its  natural  combined  state,  and  if  silicon  be  present,  these  elements  either 
drive  it  out  or  overpower  It. 

Carbon  is  therefore  a  passive  element  and  is  made  to  change  its  form  by 
the  presence  of  other  elements.  It  is  this  change  of  carbon  which  indi- 
cates, to  the  eye,  the  influence  of  any  element  upon  the  cast  iron. 

Iron  and  combined  carbon,  or  carburetted  iron,  is  called  white  Iron,  and 
the  grain  Is  generally  very  fine,  and  often  even,  and  the  metal  is  very  hard. 

Graphite  darkens  the  ft-acture  until  it  becomes  a  very  dark  gray,  and 
the  grain  is  coarse  and  Irregular.  With  increase  of  graphite  the  metal 
becomes  soft. 

We  shall  confine  ourselves  In  this  paper  to  the  influence  of  aluminum 
upon  cast  Iron. 

Let  us  for  a  moment  review  the  present  knowledge  on  this  subject.  It 
is  known  that  fused  wrought  iron,  a  mixture  of  cast  Iron  and  steel,  or  steel 
alone,  either  of  which  would  make  castings  which  would  be  full  of  blow 
holes,  will  make  solid  and  homogeneous  castings  if  as  small  a  quantity 
of  aluminum  as  one-tenth  of  one  per  cent  is  added  Just  before  pouring. 
Also,  that  such  addition  causes  the  iron  to  remain  fluid  long  enough  to  al- 
low Its  being  cast  Into  moulds. 

It  seems  to  be  the  general  opinion  that  the  aluminum  does  not  remain 
in  the  metal,  but  that  it  exerts  its  influence  between  the  time  of  its  intro- 
duction and  the  time  of  its  departure. 

(186) 
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This  seems  to  be  the  sam  total  of  the  present  iu formation  regarding  the 
inflaence  of  alamlnnm  upon  iron. 

We  propose  In  this  paper  to  give  the  results  of  a  series  of  yery  care- 
ftilly  conducted  tests  to  substantiate  ftirther  the  statements  Just  made, 
and  to  settle  the  question  as  to  whether  aluminum  remains  in  the  casting; 
also  to  determine  the  influence  of  this  metal  upon  the  physical  structure 
and  upon  the  composition  of  iron. 

The  physical  tests  that  we  have  employed  are  what  are  known  as 
*'  Keep's  tests  ;*'  and  by  them  we  are  enabled  to  make  apparent  to  the  eye 
the  influence  of  any  element  upon  cast  iron. 

When  it  was  understood  that  we  were  to  undertake  this  examination, 
the  Cowles  Electric  Smelting  and  Aluminum  Company  of  this  city  (Cleve- 
land) kindly  furnished  us  with  what  ferro-alnminum  we  needed,  and  Prof. 
C.  F.  Mabery  and  L.  D.  Yorce,  of  the  Case  School  of  Applied  Sciences,  of 
this  city,  volunteered  to  undertake  the  chemical  examination  of  the  test 
bars.  The  results  of  these  investigations  will  be  appreciated,  when  it  is 
understood  that  we  began  without  the  least  expectation  of  the  very  im- 
portant results  we  have  obtained,  and  that  the  methods  for  the  determi- 
nation of  minute  quantities  of  aluminum  were  so  imperfect,  that  the  small 
quantities  used  in  the  **  Mitis"  process  could  not  be  determined,  if  they 
still  remained  in  the  castings. 

Regarding  the  physical  tests,  we  should  state  that  we  use  two  bases : 
one,  a  white  iron,  with  composition  Si  .186,  P  .263,  S  .0807,  Mn  .092;  the 
other,  a  gray  Swedish  iron  marked  FLM,  with  composition.  Si  1.249,  P  .084, 
S  .04,  Mn  .187.    The  ferro-aluminum  contained  Si  8.86,  Al  11.42. 

The  melting  was  done  in  a  covered  plumbago  crucible,  in  a  coke  fhr- 
nace  driven  by  a  blast  of  two  and  one-fourth  ounces.  The  test  bars  were 
one  foot  long  and  cast  in  pairs ;  one,  one-half  an  inch  square  and  its  mate 
one-tenth  of  an  inch  thick  and  one  inch  wide. 

We  started  with  thirty  pounds  of  the  base^in  the  crucible ;  at  the  flrst 
heat  there  were  cast  four  pairs  of  bars  from  the  base  alone,  which  took 
five  pounds  of  metal.  After  allowing  the  remaining  metal  to  become  solid, 
we  returned  the  runners  of  the  first  cast,  and  added  four  pounds  of  the 
base,  and  returned  the  crucible  to  the  ftimace.  When  nearly  melted,  we 
added  enough  ferro-aluminum  to  bring  the  percentage  of  aluminum  in  the 
whole  to  where  we  wished  it  for  the  second  set  of  bars.  We  proceeded 
in  like  manner  through  the  entire  series  of  heats.  To  arrive  at  the  influ- 
ence of  the  aluminum,  we  made  another  series  of  heats,  with  the  same 
base  with  exactly  the  same  conditions,  only  we  did  not  add  the  aluminum. 

The  difference  between  the  two  series  of  tests  gives  the  effect  of  the 
aluminum. 

We  shall  consider  this  subject  under  the  following  heads : 

1.  The  solidity  of  castings  and  the  prevention  of  blow  holes. 

2.  Does  the  aluminum  remain  In  the  iron  to  exert  an  influence  when 
the  iron  is  remelted? 

8.    The  effect  of  aluminum  upon  the  grain,  or  the  changing  of  the  car- 
bon from  the  combined  to  the  graphitic  state. 
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4.  Taking  away  the  tendency  to  chiU. 

5.  The  prevention  of  sand  scale. 

6.  The  effect  upon  hardness. 

7.  The  resistance  to  a  load  gradually  applied,  or  a  dead  weight. 

8.  The  resistance  to  a  load  suddenly  applied,  or  Impact. 

9.  The  elasticity. 

10.  Permanent  set. 

11.  The  effect  on  the  shrinkage  of  the  Iron. 

12.  The  flaldlty  of  the  melted  metal. 

(1)  The  solidity  of  castings  and  t?ie  prevention  of  blow  holes. 

All  of  onr  tests  bear  upon  this  subject,  but  we  have  made  one  test,  us- 
ing the  white  base  iron  and  one-tenth  of  one  per  cent  of  aluminum.  It  Is 
almost  Impossible  to  get  a  solid  casting  of  the  white  base  alone,  and  Its 
resistance  to  weight  Is  generally  about  175  pounds  for  the  one-half  Inch 
square  bars,  and  its  resistance  to  impact  is  about  100  pounds.  We  have 
obtained,  however,  exceptionally  sound  castings  of  this  base,  and  we  shall 
use  the  strength  of  such  castings  for  comparison. 

These  sound  castings  of  the  white  base  alone  resisted  a  weight  of  879 
pounds.  With  one- tenth  of  one  per  cent  of  aluminum  added  it  resisted  545 
pounds,  a  gain  of  166  pounds,  or  about  forty-four  per  cent  from  this  small 
addition. 

Measuring  the  resistance  to  Impact,  the  white  alone  was  289  pounds ; 
with  aluminum  264  pounds,  or  about  six  per  cent  gain. 

The  castings  appear  of  slightly  finer  grain,  and  the  character  of  the  crys- 
tallization is  somewhat  different,  but  the  secret  of  the  strength  lies  in  the 
closing  of  spaces  between  the  grains,  or  In  other  words.  In  the  Increased 
solidity  of  the  casting.    No  other  change  Is  noticeable  in  the  metal. 

A  graphic  representation  of  this  test  Is  not  needed. 

(2)  Does  the  aluminum  remain  in  the  iron  to  exert  an  ir^uence  lohen  the 

iron  is  remeltedf 
Chart  1. 

To  determine  this,  we  made  a  series  of  six  heats  from  the  white  base,  and 
added  to  the  first  heat  one- fourth  of  one  per  cent  of  aluminum.  This  amount 
alters  the  grain  very  perceptibly,  making  it  whiter  and  finer,  and  remov- 
ing the  tendency  of  the  base  to  a  slight  specular  appearance,  and  giving  a 
homogeneous  fracture.  It  increases  the  strength  above  the  base  about 
twenty  per  cent  to  resist  weight,  and  for  Impact,  an  increase  of  over  sev- 
enty per  cent. 

The  next  heat  was  aremelt  of  the  first,  with  the  runners  of  the  first  cast 
put  back,  and  enough  white  base  added  to  reduce  the  aluminum  to  two- 
tenths  of  one  per  cent  when  the  second  cast  was  made. 

Our  comparisons  will  now  be  made  between  this  series  and  the  compar- 
ison series  of  the  base  alone.  Looking  at  the  chart  we  see  that  the  effect 
of  the  aluminum  in  this  second  heat  is  greater  than  it  was  in  the  first  heat 
to  which  heat  the  aluminum  was  added.  This  Is  due  to  the  Increasing  po- 
rosity at  each  heat  of  the  base  when  melted  alone,  and  to  the  solidity  of 
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tbe  series  with  alntnliiDm.  At  the  third  and  snbseqnent  heati  the  same  re- 
sult is  apparent,  tlie  remaining  alamlnnm  causing  more  solid  castings, 
thoagh  Uie  continued  additions  or  nhlte  Iron  at  each  heat  and  the  conse- 
qoent  lessening  of  alDmlnnm  render  the  castings  less  strong  at  each  re- 
melilQg.  Yet  the  effect  or  the  alumlnnm  is  so  constantly  apparent  at  each 
melt,  as  to  leave  no  doubt  as  to  its  presence  even  in  the  sixth  remeltlng. 

The  chart,  which  we  have  prepared,  shows  these  effects  both  as  to  weight 
and  Impact. 

As  we  proceed  with  the  description  of  other  tests  It  will  be  noticed  that 
we  add  bat  a  small  quantity  or  aluminum  at  each  beat,  and  depend  upon 
the  additions  made  at  prerlons  beats  to  bring  op  the  required  percentage. 

The  results  of  the  tests  show  conclusively  that  the  aluminum  remains 
and  exerts  its  Inflaence  In  suliaequent  casts  as  fully  as  would  be  expected. 

(3)  The  ^tet  of  the  alumfnum  upon  the  ffrain,  or  the  ehattffinff  of  ear- 

bonfrom  the  combinid  to  the  graphitic  itale. 
Let  us  say  a  few  words  In  regard  to  the  way  lu  which,  and  the  reason 
why,  carbon  takes  on  the  graphitic  form. 

All  of  the  carbon,  both  com- 
bined and  graphitic,  which 
the  Iron  Is  capable  of  holding 
when  solid,  must  be  dissolved 
and  exist  as  combined  carbon 
in  the  melted  Iron.  Cast  iron 
made  In  the  asnal  way  con- 
tains all  of  the  carbon  that  It 
can  hold. 

Very  often  cast  iron,  when 
melted,  contains  more  carbon 
than  It  can  hold  In  combina- 
tion when  at  a  lower  temper- 
atare ;  If  so,  as  the  Iron  cools 
down,  anch  excess  of  carbon 
will  separate  as  graphite  and 
rise  to  the  snrface. 
In  any  case,  when  a  melted 
Chabi  1.  Iron   contains  more  carlwn 

than  the  iron  can  hold  in  com- 
bination when  cold,  all  of  the  excess  will  not  be  able  to  reach  the  surfkce, 
though  It  may  not  be  Tlslble  to  the  eye,  In  the  casting. 

The  Introduction  of  other  elements  Into  the  melted  metal  may  alter 
its  ability  to  hold  the  carbon.  Sulphur  causes  It  to  let  some  go,  while  man- 
ganese enables  It  to  hold  more  carbon  In  solution.  Silicon  also  somewhat 
diminishes  the  capacity  of  the  molten  metal  to  ntaia  carbon  while  It  is 

llQUid. 

Aluminum  allows  most  of  the  carbon  to  retain  Its  natural  combined  fona 
tinUl  the  metal  ia  too  thick  for  the  separated  carbon  to  escape,  bnt  at  the 
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instant  of  solidifying  alaminnm  causes  the  iron  to  drop  a  portion  of  its 
carbon  from  the  combined  state.  This  liberated  carbon  takes  the  graph- 
itic form  and  is  Imprisoned  in  the  otherwise  solid  iron. 

The  advantages  arising  from  a  change  of  carbon  f^om  the  combined  to 
the  graphitic  state,  at  the  instant  of  crystallization,  are  that  all  of  the  car- 
bon thns  liberated  is  imprisoned  uniformly  throughout  the  casting,  and  is 
not  accumulated  In  pockets  forming  soft  and  hollow  spots,  as  would  be  the 
case  if  liberated  while  the  casting  was  yet  fluid.  Aluminum  more  than  any 
known  element  accomplishes  this.  It  not  only  changes  white  Iron  to 
gray,  but  seems  at  once  to  change  the  whole  character  of  the  metal.  The 
drop  of  carbon  seems  to  be  instantaneous,  at  the  Instant  of  crystallization, 
and  for  this  reason  the  time  taken  in  cooling  has  little  effect. 

In  fact,  when  the  aluminum  obtains  full  control  of  the  carbon,  It  would 
seem  that  the  more  sudden  the  cooling  the  more  the  formation  of  the 
graphite,  and  the  thin  portions  of  the  casting  are  therefore  as  gray  as  the 
thicker  portions. 

The  powerful  and  positive  influence  of  aluminum  upon  the  carbon,  and 
therefore  upon  the  grain  and  color  of  the  Iron,  is  shown  by  an  examination 
of  the  series  of  samples  that  we  present  here  to-day. 

Take  those  made  from  the  white  Iron  base  with  almost  no  silicon  present ; 
the  base  alone  gives  a  white  bar  full  of  blow  holes.  An  addition  of  one- 
fourth  of  one  per  cent  aluminum  gives  us  not  only  a  perfectly  homogene- 
ous and  solid  casting,  but  the  color  Is  darker  and  the  grain  shows  that 
some  of  the  carbon  has  taken  the  graphitic  form. 

The  thin  casting  shows  this  even  more  than  the  heavier  bar,  showing 
that  the  change  occurred  suddenly  and  that  time  had  but  little  effect. 

Examining  each  bar  In  turn  we  see  that  each  similar  addition  of  alu- 
minum produces  a  corresponding  effect,  until  at  the  third  addition,  or  with 
three-fourths  of  one  per  cent,  the  casting  is  gray  with  no  sign  of  white 
either  in  the  square  or  in  the  thin  bar. 

The  set  of  tests  with  the  gray  Iron  base,  containing  one  and  one-fourth 
per  cent  of  silicon,  shows  that  silicon  and  aluminum  work  together  In  the 
same  direction,  and  that  a  slight  addition  of  aluminum  takes  the  white  out 
of  the  casting  at  once,  giving  the  same  grain  In  a  thin  as  In  a  thick  casting. 

This  effect  increases  as  the  aluminum  increases,  and  the  indications  are 
that  at  least  up  to  four  per  cent,  the  limit  of  our  experiments,  the  more 
aluminum,  the  softer  and  grayer  the  castings. 

(4)      The  taking  away  the  tendency  to  chUl, 

Chabt  2. 

If  cast  iron  be  cooled  very  suddenly,  the  carbon,  which  the  melted  metal 
holds  in  combination,  will  not  have  time  to  separate  and  will  be  retained 
In  the  combined  state.    Such  castings  are  called  chilled  castings. 

Chill  is  caused  by  molten  Iron  running  against  a  body  which  rapidly  with- 
draws its  heat,  causing  it  to  retain  Its  carbon  in  the  combined  form. 

Back  from  the  chill,  where  this  instantaneous  cooling  could  not  exert 
its  All!  effect,  a  portion  of  the  carbon  takes  the  graphitic  form. 
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ThiB  propert7  Is  mode  nse  of  when  It  Is  dealnble  to  obtain  bard  wear- 

log  snrfaces,  and  In  the  aame  casting  tongb  and  soft  central  portions,  u 

In  car  wheels. 

Wblle  tUs  chiniDg  eflbct  Is  ezceedlnglj  Talnable  for  man]'  porpOMS, 

yet  generallf  apeaklng,  tha 

foandor  desires  exactly  Uie 

rererse. 

We  hare  said  that  alnml- 
Dom  canses  the  carbon  to  as- 
same  the  graphitic  Ibrm  on 
the  Instantof  solldl^lng,  and 
tberetbre  the  sodden  abstrae* 
tlon  of  heat  does  not  Imprison 
,  „     , ,  the   combined    carbon    and 

i»Oatl,tt«tg.  „.„.„.,„ 
tnglo  thelowtr  line  o/ihe cut,  ii«  SO  UttMntxt  canse  cniu. 
Hot,  and  bHng  1.00  domttotkethiraHnt,l£OU>  This   effbCt  Of  Btamlnlim  IS 

Uu/DurtkiOndioon.  ^U  (hmnodiiviaretnakct.      to  give  a  nnlform  grain  for 
tblck  and  thin  castings,  and 
not  allow  the  coldness  of  the  monld  to  affect  the  grain. 

(6)     The  Aiekneu  of  the  sand  scale. 

This  Is  an  Important  consideration ;  tor  the  sand  must  be  cleaned  from 
the  casting,  and  the  sorface  mast  Brst  be  cnt  before  the  Interior  can  be 
reached. 

To  prevent  the  Iron  from  bamlng  the  sand  Into  Itself  and  thus  forming 
a  scale,  a  plumbago  facing  Is  sifted  on  the  sarftoe  of  the  monld,  bat  It  ts 
dlfflcnlt  for  the  facing  to  lie  on  the  snrnLces  or  to  resist  the  Intense  heat 
of  the  metal. 

When  alnmlnnm  In  an  iron  causes  the  dropping  of  the  graphite  from  the 
mass  of  the  metal,that  graphltenhichls  on  the  sarfttce  of  the  casting  sep- 
arates  and  forms  a  perfect  plumbago  bclag,  which  opposes  the  sand  and 
the  best.  It  will  therefore  be  seen  that  In  castings  having  snfflcient  sla- 
minnm  to  canse  this  separation  of  graphite,  there  will  be  no  sand  cling* 
Ing  to  the  nice,  snd  that  the  surfkce  will  be  as  soft  as  the  Interior  of  the 
casting.    BTery  Iron  worker  will  appreciate  this  go;od  effect  of  alnmlnnm. 


(6)     TJie  tfftet  vpon  Aardnus. 

Hardness  In  cast  Iron  Is  cansed  by  the  carbnretted  or  white  Iron,  In 
masses  large  enongta  to  oppose  the  tool.  If  the  carbnretted  iron  exists  In 
mlnnte  threads  stretched  aroand  atoms  of  graphite,  a  tool  will  easily  cat 
It  and  It  win  not  be  considered  hard. 

This  graphitic  carbon,  mlontely  dividing  the  mass,  gives  the  tools  of 
the  workman  a  chance  to  cat  or  break  the  Alms  of  metal,  giving  what  we 
call  softness  to  the  Iron.  The  later  the  carbon  la  dropped,  the  smaller  will 
be  the  atoms  of  graphite  and  the  closer  the  grain.  Tet  this  greater  sub- 
division will,  fbr  the  reason  Jost  given,  make  the  Iron  work  more  easily. 
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The  flneoess  of  tha  gnln  of  iron  mllteted  by  alnmlnnm  canseB  such  Iron 
to  be  much  more  easily  cnt  than  Iron  of  coarser  gratn. 

The  next  qaestloa  to  consider  Is  that  of  Btreogtb. 

The  power  of  wrought  Iron  and  steel  to  resist  extension  Is  so  great 
that  where  such  stresses  are  to  be  resisted,  decsrbonlzed  metal  should  be 
■sed.  Tbe  reetstance  of  any  cast  iron  to  crashing  is  so  great  that  we  need 
Dot  consider  this. 

The  forces  which  oast  Iron  strnctares  should  be  made  to  resist,  aside 
from  crashing,  are  a  dead  weight  or  a  blow  applied  transverselj.  We 
•honld  therefore  test  cast  Iron  with  these  forces. 

(7)     l%e  retMana  to  a  load  ffTtdually  applied,  or  a  dead  weight. 
Chabt  8. 

If  we  compare  the  transverse  breaking  weights  of  the  two  series  which 
we  bave  been  considering, 
namber  by  namber,  we  per- 
celve  that  the  alumlnnm  has 
Increased  the  strength  to  sns- 
tain  a  constant  load. 

This  la  a  retr  lmt>ortant 
eKct  and  perbapa  comes 
partially  from  the  tenacity 
and  strength  of  alnmlnnm 
Itself,  bat  probably  more 
fhim  the  nnlform  grain  of 
the  Iron. 


(8)     TJie  rutOance  to  a  load  tvddtnlv  applied,  or  impact. 

It  may  be  thought  that  the  eBbct  is  snbstanllally  the  same,  whether  the 

force  be  a  constant  weight  or  a  snddenly  applied  blow.    We  shall  at  a  ta- 

tnre  time  prove  that  the  effects  are  not  the  same  and  that  an  Iron  sbonld 

be  tested  by  a  blow  If  It  is  expected  to  resist  impsct. 

By  a  comparison  of  the  graphic  representation,  we  see  that  the  capacity 
to  resist  impact  Is  Increased  by  the  addition  of  aluminum  much  more 
than  the  capacity  to  resist  a  dead  weight.  It  will  be  seen  at  aglance  that 
the  test  bars  made  with  the  white  base  are  benefited  lu  more  thiui  those 
made  with  the  gray  base.  The  reason  for  this  Is,  thatthe  white  bssealone 
made  porons  castings ;  at  each  remelt  tbls  porosUy  increased,  dne  to  the 
continuation  of  the  beat,  ruunlng  tbe  strength  down  to  68  pounds  at  the 
fifth  heat. 

The  first,  and  each  subsequent  addition  of  alomlnam,  caased  the  cast- 
ings to  be  perfectly  sound,  and  the  Inflnitesimsl  atoms  of  graphite  depos- 
ited thronghont  the  metal  removed  tbe  rigidity  and  brittlenesa  of  the  Initial 
metal. 


143  BBOTIOM  D. 

The  gray  Iron  base  coDtslaed  eoougb  sIUcod  to  occompllHh  all  this,  and 
the  only  effect  on  etrengtb  that  ths  action  of  the  alamlnani  on  carbon  could 
hare,  would  be  to  tncrease  the  Oneneaa  or  the  grain  unleaa  the  toagbnesa 
of  the  alnmlnnm  itself  conld 
giTe  strength  to  the  caatlng, 
tbODgh  the  alDmlnam  no 
doDbt  removed  any  slight 
blow  holes thateilsted  In  the 
inlUal  gray  metal. 

Thia  leads  us  to  notice  that 

each  addition  of    aluminnm 

Increases  the  strength  over 

that  of  the  Initial  metal.    We 

mnat  expect,  however,  that 

after  we  hare  added  enongh 

aluminum  to  cause  a  solid 

caattng,  and  to  remove  the 

brittleneas,  that  the  dlrlding 

ap  of  the  mass  by  the  atoms 

of  graphite  accomplishes,  any 

CaiBi  4.  further  additions  of  alum  In  am 

and  conaeqnent  Increase  ofgrapbite  (which  has  no  strength  of  Itself)  must 

weaken  the  casting. 

(9)  The  tiastleity. 

The  compactness  and  closeness  of  the  grain  of  cast  Iron  when  alamtDum 
was  the  agent  by  which  the  graphite  was  precipitated,  and  the  Sne  atten- 
oatlon  of  the  veins  of  the  carbnretted  Iron,  caoae  the  metal  to  be  very  elas- 
tic and,  as  we  have  seen,  not  so  brittle  aa  wlthont  alamlnam. 

(10)  Pemaneia  sat. 

This  Is  canaed  b;  the  compression  of  the  graphite  within  the  framework 
of  carbnretted  Iron.  When  this  compression  of  graphite  carbon  Is  produced 
by  transverse  bending,    the 
framework  of  the  metal  also       i 
takes  on  a  permanent  Ibnn 
which  cannot  be  altered  ex- 
cept by  a  greater  force  than 
was  before  applied. 

The  Oneness  and  compact- 
ness   of  Iron    alloyed   with 

alamlnam  gtvea  less  perma-  Cbjuet  B. 

nent  set  than  Iron  eqnally  ta 
soft,  when  anch  soRnesa  la  produced  by  silicon. 

(11)   Thtiiffictonth»§hrinkagtoflAetron. 

The  more  suddenly  and  completely  the  carbon  Is  changed  flrom  combined 
to  graphitic,  at  the  Instant  of  cryatalliiatlon,  the  more  space  will  the  cast- 
ing occupy.    When  the  caating  la  cold,  it  will  therefore  have  contracted 


mCHAHICAL   BOIBKOB   IXV  RKOINXEBIKS.  143 

lesfl  than  tr  more  carbon  had  remained  combined.  Wlilte  Iron,  having 
most  or  its  carbon  in  tlie  combined  state,  shrinks  fVom  one-fourth  to  one* 
third  of  an  inch  In  each  ibot. 

Gray  Iron  sometimes  shrinks  as  little  as  one-tenth  of  an  Inch  to  flach  lin- 
ear foot.  As  the  combined  Is  the  natural  state  for  the  carbon,  we  may  saf 
that  this  mazimnm  shrinkage  Is  the  nataral  shrinkage  for  cast  Iron  having 
its  carbon  combined.  We  can  therefore  say  that  alumlnnm  takes  out  or 
redocea  shrinkage  nben  a  sufflclent  qa^ntity  Is  added.  This  Is  a  very  great 
advantage,  as  shrinkage  requires  great  skill  In  the  preparation  of  patterns 
to  prevent  warping  and  cracking,  and  violent  internal  strains  within  the 
castings. 

The  lessening  of  shrinkage  avoids  these  evils,  and  is  therefore  a  great 
gain. 

Cbabt  6. 
If  yon  will  look  at  the  chart  fbr  shrinkage,  yon  will  see  the  most  conclu- 
sive proof  of  onr  explanation  of  the  way  in  which  shrinkage  Is  lessened. 
With  both  the  white  and  the 
gray  bases,  daring  the  first 
two  additions,  the  shrinkage 
of  the  square  bar  Is  slightly 
Increased. 

The  InBaence  of  the  alumi- 
Dum  thus  far  has  been  to  the 
direction  of  elimination  of 
blow  holes,  and  caaslns   an 

ChiAT  6. 
even  dlstrlbatlon  of  the  dark 
and  light  grains. 

At  the  third  addition,  however,  when  the  amount  reached  three-fonrths 
of  one  per  cent,  the  effect  was  appreciably  telt  upon  the  carbon,  as  seen  by 
the  color,  and  as  we  should  expect  from  the  deposition  of  this  large  bulk 
of  graphite,  the  casting  does  not  shrink  as  mach,  and  each  addition  of 
alaniinam  increasing  this  bulk  of  graphite  decreases  the  shrinkage. 
Cbakt  T. 
The  eStct  upon  the  grain  and  color  of  the  thin  bars  of  the  series  is  ver^ 
remarkable,  showing  that  the  aluminum  has  changed  enough  carbon  to 
graphite  to  produce  a  dark, 
even  grained  casting. 

The  effect  npon  the  shrink- 
age of  these  thin  bars  Is  as 
we  should  expect,  and  Is  more 
marked  even  than  in  the 
square  bars. 

The  shrinkage  in  the  thin 

CiuBi  T.  bars    of    the    white    series 

shows  a  constant  decrease  as 

the  aluminum  increases,  bat  lu  the  series  for  comparison  the  shrlDkaga 

dropped  stIU  more  rapidly. 
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If  a  new  cmclble  wu  Died  Id  commenclDg  this  coDiparlsoD  serlM, 
CDODgb  silicon  might  have  been  absorbed  to  produce  this  effect.  Tbls 
leads  us  to  remark  that  on  account  of  the  varlatloiia  of  condltioDS  in  any 
■eries  of  tests,  that  cannot  be  Toreseen,  we.  must  avoid  drawing  any  but 
genaral  coDclnsioiia,  and  tbeso  should  be  based  upon  a  large  uaaiber  of 
ezperimcDts. 


(12)  7^  JtuidUv  of  the  melt«d  metal. 
Chart  8. 
Out  tests  of  flaldltj  are  correct  as  (kr  as  each  Indlvldoal  beat  Is  cod- 
cemed,  bat  varlatloo  may  be  doe  to  tbe  beat  of  the  metal  of  that  particD- 
lar  cast  when  ponred.    Viewed  In  a  general  way,  the  IndicaUoos  are  that 
with  tbe  white  base,  with  almost  no  silicon,  the  alnnitnnm  has  increased 
the  fluidity;  butjDdgingfi^in  the  series  with  the  gray  base  we  noDld  say 
that  combined  with  si  1 1  cod  aInmlnDm  reduced  the  fluidity. 
Our  remarks  In  connection  With  shrinkage  show  that  a  sharp  casting  Is 
prodDced  by  the  Instantane- 
ous  dropping    of    graphite 
when    crystallisation    takes 
place ;  and  that  If  the  Iron  Is 
fluid  enough  to  fill  tbe  mould, 
any  extra  fluidity  canses  tbe 
iron  in    shrinking  to   draw 
away  from  the  mould. 

Again,  the   percentage  of 
alDmlnnm  necessary  to  bring 
about  these  desirable  results 
will  be  too  small  (o  have  mnch  effect  upon  the  fluidity  of  the  metal. 

The  fact  of  the  Iron  giving  sharper  and  more  perfect  castings,  on  ac- 
count of  the  swell  of  the  casting,  cansed  by  tbe  deposition  of  graphite  at 
the  instiiDt  of  solidification,  might  cause  the  Iron  to  be  prononnced  more 
llDld,  if  judged  by  tlie appearance  of  the  castings. 

Ko  doubt  the  presence  of  varying  quantities  of  raanganese,  sulphur, 
phosphorus  and  silicon,  In  the  cast  Iron  used,  would  modl^  tbe  influence 
of  atumlnura,  and  until  tbls  Is  understood  It  may  require  considerable  ex- 
periment to  determine  the  amonnt  Of  aluminum  required,  or  how  It  shall 
be  Introduced. 

This  hurried  presentation  of  the  remarkable  effects  of  aluminum  upon 
cut  Iron  will  give  an  idea  of  the  ^reat  benefit  which  is  now  promised  to 
the  Iron  founder  by  the  rapidly  lUllng  price  of  aluminum  as  cheapened  by 
the  electric  furnace. 
We  have  already  occupied  all  tbe  time  that  was  set  apart  for  us. 
Fotlonlng  the  publication  of  this  part  of  the  subject,  ne  sbati  soon  pre- 
sent tbe  results  of  tbe  laboratory  work  of  ProfesBor  Mabery  and  Mr. 
Torce,  which  will  throw  still  more  Itgbt  upon  tbls  Interesting  subject. 
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The  second  law  of  thermodynamics.     By  Prof.  R.  H.  Thurston, 
Ithaca,  N.  T. 

[ABSTRACT.] 

This  paper  represents  the  views  of  its  author  respecting  the  various 
statements  of  the  second  law  of  thermodynamics  given  by  various  authors 
of  authority.  It  considers  the  nature  of  a  law  as  defined  by  science ;  com- 
pares the  statements  of  the  law  to  be  examined,  as  made  by  many  writers, 
and  shows  that  they  are  commonly  statements  of  simple  phenomena  and 
not  of  laws ;  and,  finally,  gives  what  is  thought  to  be  a  true  expression  of 
the  law  which  should  be  given  place  as  the  second  law  of  thermodynamics, 
and  shows  in  what  manner  it  has  value  and  where  it  finds  application  in 
the  theories  of  heat-transformation  and  in  the  application  of  those  theo- 
ries and  the  science  of  thermodynamics  to  the  operation  of  the  heat  en- 
gines. 


The  economical  production  of  charcoal  for  blast  furnace  fur- 
poses.  By  Olin  H.  Landreth,  Yanderbilt  University,  Nashville, 
Tenn. 

[abstract.] 

The  economical  production  of  charcoal  on  a  scale  commensurate  with 
blast  fbmace  needs  has  not  received  that  attention  and  study  its  impor- 
tance demands.  Of  all  the  charcoal  produced,  ninety -four  per  cent  is  used 
for  the  production  of  pig  iron,  the  remaining  six  per  cent  furnishing  the 
supply  for  all  domestic  purpose,  manufacturing  and  the  production  of  all 
metals  other  than  iron,  so  that  improvements  or  processes  in  charcoal 
manufacture  to  be  of  broad  application  must  be  applicable  to  blast  furnace 
plants  which  are  necessarily  extensive.  Though  the  ratio  of  production 
of  charcoal  iron  to  the  total  iron  produced  is  decreasing,  owing  to  the 
enormous  increase  in  the  output  of  coke  and  anthracite  iron,  the  absolute 
amount  produced  is  annually  on  the  increase,  since  there  are  many  pur- 
poses for  which  charcoal  iron  is  essential  and  cannot  advantageously  be 
displaced  by  coke  iron.  Among  these  are  the  manufacture  of  the  finer  vari- 
eties of  steel,  the  higher  grades  of  chilling  iron,  malleable  castings,  tin 
plate,  wire  rods  and  for  mixing  with  coke  iron.  In  which  it  is  found  that 
the  addition  of  a  small  amount  of  charcoal  Iron  raises  the  character  of  the 
mixture  for  many  purposes  out  of  proportion  to  the  amount  added,  so  that 
notwithstanding  the  fact  that  it  costs  from  $2  to  $5  per  ton  more  to  pro- 
duce a  ton  of  charcoal  iron  than  coke  iron  its  peculiar  properties  maintain 
the  demand  for  it,  and  such  demand  would  increase  and  the  character  of 
manufactures  would  thereby  be  raised  could  its  production  be  cheapened 
to  admit  it  for  those  purposes  for  which  it  is  desirable,  but  from  which  its 
price  now  excludes  it.    Fuel  represents  nearly  one-half  the  cost  of  char- 
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coal  iron,  and  herein  lies  the  greatest  promise  of  redaction  of  cost,  partic- 
ularly as  the  methods  of  charcoal  making  at  present  in  general  nse  for 
iron  making  are  extremely  crude  and  uneconomical.  The  only  excep- 
tion to  this  which  has  been  widely  adopted  is  the  Pierce  process  inyented 
by  Dr.  H.  M.  Pierce  of  Detroit,  Mich.,  now  a  resident  of  Nashville,  Tenn., 
whose  process  was  devised  in  1876  and  has  since  been  undergoing  con- 
tinued improvements  and  developments  until  now  (1888)  nine  plants  un- 
der this  process  are  in  operation  in  the  southern  and  western  states  which 
aggregate  in  capacity  over  825,000  cords  of  wood  annually  carbonized, 
with  plants  under  negotiation  of  over  250,000  cords  annual  capacity.  By 
this  system  the  by-products  preserved  flrom  the  destructive  distillation 
of  the  wood  more  than  meet  the  expenses  of  manufacture,  leaving  the 
charcoal  profluced  a  clear  profit.  In  outline  the  process  is  as  follows : 
the  charrlDg  is  effected  in  circular,  flat  top,  brick  kilns  holding  fifty  cords 
of  wood  each.  The  wood  is  charred  by  the  heat  produced  by  gas  burned 
in  a  brick  fbrnace  under  the  kiln  into  and  through  which  the  products  of 
combustion  pass.  The  gaseous  products  of  dry  distillation  of  the  wood 
pass  ftom  the  kiln  to  condensers,  where  the  tarry  and  liquid  products  are 
condensed  and  the  gas  sent  back  to  the  kiln.  Thus  none  of  the  charcoal 
produced  is  burned  to  carbonize  other  wood  as  in  the  common  pits  or 
ovens.  The  gas  which  elsewhere  is  wasted  is  here  not  only  sufficient  to 
effect  the  carbonizing  of  the  wood  but  furnishes  fuel  for  the  boilers  re- 
quired about  the  works. 

The  wood  used  is  as  thoroughly  seasoned  as  the  conditions  of  maintain- 
ing a  year's  supply  in  advance,  cost  of  storage  room  and  interest  on  capi- 
tal invested  In  stock  render  economical. 

All  the  common  varieties  In  the  localities  of  the  various  plants  are  used. 
The  proportions  of  the  varieties  used  at  Nashville  are  approximately : 

Oak, •  60% 

Cottonwood,         •••••••  15 

Hickory, 10 

Gum,  maple,  birch  and  other  varieties,       •       •  26 

100% 

If  not  thoroughly  dry  when  placed  in  the  kilns,  the  carbonization  of  the 
wood  is  automatically  deferred,  by  the  absorption  of  the  heat  in  the  evap- 
oration of  the  sap  and  other  moisture,  until  the  seasoning  process  is 
complete.  This  seasoning  commences  at  the  top  of  the  kilns  and  pro- 
ceeds regularly  downward,  by  a  definite  plane  of  seasoning.  When  this 
plane  reaches  the  bottom  and  the  seasoning  Is  complete,  which  is  indi- 
cated by  a  sudden  change  in  the  color  of  the  escaping  vapors,  the  pro- 
cess of  charring  begins  at  the  top  and  proceeds  downwards  precisely  like 
the  seasoning  process. 

The  watery  vapors  driven  off  during  seasoning  are  not  preserved  but 
are  allowed  to  escape  through  vents  temporarily  left  open  around  the  base 
of  the  kilns  and  through  the  top  of  the  klln-chlmneys,  which,  during  this 
stage,  are  disconnected  from  the  suction  main  and  left  open  at  the  top. 
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The  time  required  for  the  seyeral  stages  in  the  cycle  of  operations  in 
producing  a  kiln  of  charcoal  is  as  follows : 

For  charging  one  kiln  with  wood,  .  .  2  days. 

**    completing  the  seasoning  of  the  wood,  1      " 

"    carbonizing  the  wood,       .        •        .  •  7     *' 

*<   cooling  the  charcoal,         .        •        .  •  6     ** 

*'    drawing  the  charcoal,        .        .        .  .  2     " 


Total  length  of  cycle,  .        .      18  days. 

As  one  60-ton  blast  farnace  requires  five  thousand  bushels  of  charcoal 
daily,  or  the  output  of  two  kilns,  the  total  number  of  kilns  in  a  plant  to 
ftirnish  a  continual  supply  of  fUel  must  be  equal  to  twice  the  number  of 
days  in  a  cycle  plus  a  margin  for  relays,  for  repairs,  and  unusual  delays; 
the  margin  is  usually  chosen  at  one-sixth  the  effective  number  of  kilns, 
so  that  the  total  number  of  kilns  comprising  a  plant  «=  2  (18)  +  i  (86)  a 
42,  of  which  at  any  one  time, 

4  kilns  are  being  charged  and  closed. 

2    **      *'        "     seasoned. 
14    "      "        "     carbonized. 
12    "      "        "     cooled. 

4    «•      "        "     drawn. 

6    <*      «    idle  or  acting  as  relays. 

42 

These  forty-two  kilns  are  arranged  in  two  distinct  batteries  of  twenty- 
one  kilns  each.  Each  battery  has  Its  own  condensers  and  suction  main 
carrying  the  products  of  distillation  to  the  condensers,  and  its  own  gas 
main  leading  the  non-condensable  gases  back  to  the  kiln  ftirnaces. 

The  condensers  are  composed  of  tall  wooden  tanks  five  feet  square  by 
twenty  feet  high,  through  which  the  products  of  distillation  pass,  each 
enclosing  ninety-nine  vertical  copper  pipes  two  inches  In  diameter  through 
which  the  condensing  water  flows.  The  condensed  products  are  trapped 
out  at  the  bottom  of  each  condenser,  of  which  ten  comprise  a  battery,  and 
conveyed  to  cooling  tanks  where  the  tar  Is  separated  fh)m  the  pyroligneons 
acid  liquor  by  cooling.  The  tar  is  not  at  present  distilled  further,  but  is 
used  to  coat  the  kilns  to  render  them  impervious  to  air,  and  for  this  pur- 
pose one  coating  of  tar  suffices  for  four  burnings  while  the  usual  coating 
of  lime  whitewash  has  to  be  repeated  after  each  burning.  The  circulation 
of  the  gaseous  products  through  the  system  is  maintained  by  exhaust  fans 
which  draw  the  non-condensed  gases  through  the  condensers  and  force 
them  through  the  gas  main  back  to  the  kilns  when  they  are  injected  into 
the  ftirnaces  by  a  steam  Jet  from  a  ^^-inch  orifice  playing  in  the  center  of 
a  one  inch  nozzle  on  the  gas  pipe.  The  minimum  amount  of  air  necessary 
to  effect  the  perfect  combustion  of  the  gases  is  admitted  through  regulat- 
ing dampers  in  the  front  of  the  ftirnace. 

From  the  liquor  coolers  the  pyrollgeneous  acid  liquor  is  conveyed  to 
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the  distilling  house,  where  the  acetic  acid  in  the  liqnor  is  conrerted  into 
acetate  of  lime ;  the  liquor  is  then  sent  to  the  fhictional  distillation  sys- 
tem which  comprises  eight  primary  stills  and  condensers,  four  interme- 
diate stills  and  condensers  and  two  final  or  shipping  stills  and  condensers. 
The  stills  are  circular  tanks  each  holding  about  2,500  gallons  and  are 
heated  by  steam  coils  of  two-inch  copper  pipe.  The  several  stills  of  each 
of  the  three  series  are  operated  abreast.  The  distillation  is  not  carried  on 
continuously,  but  each  series  is  charged  and  the  distillation  carried  on  un- 
til all  of  the  alcohol  available  is  evaporated  when  the  stills  are  emptied 
and  recharged  with  new  liquor.  The  degree  of  concentration  attained  in 
each  series  of  stills  is  as  follows : — 

The  liquor  entering  the  primary  stills  contains  li%  alcohol. 

*«  distlUate  from         "         "         *«  **  16%       " 

*«          "           **     the  intermediate  «*  «*  42%       " 

(i         ««           c(        ic           final        "  "  82%       «* 

In  the  final  form  the  crude  alcohol  is  sent  to  the  refineries.  The  result- 
ing product,  methylic  alcohol  or  hydrate  of  methyl  (CH4O)  Is  of  wide 
application  in  the  arts,  being  extensively  used  as  a  solvent  for  gums  and 
varnishes  for  which  purposes  varnish  manufacturers  report  it  from  four  to 
five  times  as  rapid  in  action  as  grain  alcohol. 

Methylic  alcohol  has  never  been  produced  by  fermentation  but,  judging 
from  its  mode  of  production  in  the  charcoal  kilns,  its  artificial  production 
by  synthesis  may  be  inferred  as  possible.  As  none  of  the  charcoal  is  sac- 
rificed for  carrying  on  the  carbonization  of  the  wood  and  as  the  action 
of  the  kilns  during  carbonization  and  cooling  is  under  the  control  of  the 
operator,  it  Is  reasonable  to  expect  a  larger  yield  of  charcoal  per  cord  of 
wood  than  in  the  common  methods  of  burning  in  ground  pits  or  common 
bee-hive  ovens.  The  resulting  charcoal  is  also  better  adapted  to  bear  the 
burden  in  the  blast  fbrnace  than  the  common  charcoal,  being  both  firmer 
and  denser  as  is  shown  by  the  fact  that  while  the  average  weight  of  com- 
mon charcoal  per  bushel  in  Tennessee  does  not  exceed  sixteen  pounds 
that  made  from  the  same  varieties  of  wood  by  this  process  weighs  twenty 
pounds  per  bushel.  The  following  exhibit  shows  the  comparative  amounts 
produced  by  the  common  and  the  improved  methods  respectively : — 

The  average  yield  of  charcoal  per  cord  of  wood  in  U.  S.  =  88.1  bu.' 
'<        «      weight  per  bushel  of  2,688  cu. in;  in  U.  S.  »=  19.0  lbs. ^ 

««        <«      resulting  ratio  by  weight  of  charcoal  to  wood  in  U.  S.     »  18% 
«        «  ((         a     (t       4«     i«        «4        «<     IC  jn  France      =  19%' 

<i        «  ««         ««     M        «(     t«        <i        ««     <•  In  Belgium    ■»  16%' 

CI        c«  cc  u     cc       c<     it        c<        it     a  |j|  Pyrenees  ■-  17%* 

The  resulting  general  average  in  above  countries  »  17.6% 

The  average  ratio  by  weight,  charcoal  to  wood,  by  Pierce  process  »  26.8%* 

X  U.  8.  Forestry  Report,  1882.  *  Talerlna.   Tralle  de  la  Fabricmtion  de  la  Fonte 

*  Sanvage.   Ann.  des  Mines,  1887.  *  Francois.  Traitment  direct  dea  minerals  de  Fer! 
*  BesuU  of  seven  years  practice  at  dUTerant  plants. 
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44% 


The  average  ratio  by  weight,  charcoal  to  wood,  by  Laboratory 

distillation,  =  25.6%  > 

The  resulting  ratio  of  hicrease  of  Pierce  process  over  average 

practice  in  the  above  mentioned  countries  < 

The  resulting  ratio  of  increase  of  Fierce  process  over  average 

practice  in  U.S.  >>^  t/t^zo 

The  qnantitatlve  values  of  the  products  resulting  from  the  destructive 
distillation  of  the  wood  by  this  process  are  as  follows,  based  on  the  pro- 
portion of  the  several  varieties  before  given : — 


DBT  WOOD. 


1.0  OOSD. 


4000  LBS. 


lOOlt 


Basnlting  charcoal 

**      methylio  alcohol 

acetic  acid 

tarry  compoands.. ••••.. 

water 

non-condensable  gases.. 


«i 


(I 


M 


« 


60.6    bus. 

1019  lbs. 

4.4  gals. 

80  lbs. 

4.6  gals. 

40  lbs. 

16.6  gals. 

160  lbs. 

820.7  gals. 

1888  lbs. 

11000.0  en.  ft. 

I»0  1bB. 

26.8  )( 
0.75K 
1.0  )( 

45.96)( 
28.0  K 


Totals. 


4000  lbs. 


4000  lbs. 


100)( 


100)( 


The  non-condensable  gases  are  in  excess  of  the  amount  required  to  effect 
the  carbonization  of  the  wood  and  about  one-third  of  all  produced  are  used 
for  Aiel  under  the  boilers  which  produce  steam  for  heating  the  alcohol 
stills,  pumping  water  for  the  condensers,  running  the  pyroligneous  liquor 
pumps,  the  exhaust  fians  for  the  non-condensable  gases  and  the  winding 
engines  for  the  cable  incline  cars  used  in  raising  the  wood  ftrom  the  wharf- 
boat  to  the  kilns.  This  drawing  off  of  a  portion  of  the  gas  produced  and 
its  burning  under  boilers  fUmishes,  together  with  the  escape  of  kiln  gases 
during  seasonings  the  necessary  outlet  to  prevent  the  undae  accumulation 
of  the  non-combustible  gases  arising  from  the  combustion  in  the  kiln  flir- 
naces  and  the  carbonic  dioxide  driven  off  from  the  wood  both  of  which 
would  otherwise  continually  accumulate  in  the  circulation  system  and  ul- 
timately choke  the  furnaces. 

From  the  3tandpoint  of  industrial  economics,  the  question  of  the  eco- 
nomical production  of  charcoal  in  large  quantities  is  one  of  importance, 
since  the  charcoal  industry  is  extensive  and  the  lines  of  possible  improve- 
ment on  the  common  practice  are  promising.  These  directions  of  improve- 
ment evidently  consist : 

1.  In  increasing  the  present  yield  of  charcoal  per  cord  of  wood. 

2.  In  improving  the  quality  of  the  charcoal  produced. 

S.    In  utilizing  to  the  best  economy  all  of  the  available  products  of  the 

^  Experiments  on  same  varieties  of  wood  as  are  nsed  in  the  Pierce  process  con- 
ducted by  8tolse,  Smith,  Lattimore,  Pierce,  Aszmus  and  Hessel. 
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destructive  distillation  of  the  wood  of  which  the  charcoal  alone  represents 
in  value  only  about  85  per  cent. 

The  total  production  of  charcoal  in  the  United  States  in  1887  was  very 
approximately  sixty-flve  million  bushels;  of  this  amount  only  about  ten 
million  bushels  were  produced  by  the  process  herein  described  and  it  is 
safe  to  assume  that  the  production  of  all  other  improved  processes  com- 
bined did  not  make  the  aggregate  of  all  charcoal  produced  by  improved 
methods  more  than  thirteen  million  bushels,  or  one-fifth  the  total  produc* 
tion ;  on  this  assumption  the  following  table  has  been  prepared  showing 
the  returns  to  be  expected  fh>m  the  general  introduction  of  processes  for 
charcoal  manufacture  which  should  equal  in  efficiency  the  results  herein- 
before given.  (See  table,  page  151.)  This  table  shows  not  only  the 
amounts  of  the  several  by-products  annually  preserved  but  also  the  annual 
saving  in  cords  of  wood  carbonized  and  acres  of  forest  land  annually  de- 
nuded if  the  present  demands  for  charcoal  were  met  by  improved  instead 
of  unimproved  processes. 

This  paper  has  been  prepared  independently  of  any  effect  its  publication 
may  have  on  the  process  herein  described^  and  wholly  for  the  purpose  of 
showing  by  citing  and  describing  one  existing  successful  improved  pro- 
cess that  the  common  practice  of  charcoal  burning  is  extremely  wastefhl, 
and  that,  instead  of  obtaining  only  charcoal  and  that  moderate  both  in  quan- 
tity and  quality,  it  is  possible  to  so  eflbct  the  carbonization  of  the  wood  as 
that  it  shall  not  only  Aimlsh  an  increased  yield  of  superior  charcoal,  but 
shall  in  addition  supply  the  necessary  ftael  to  haul  itself  to  the  kiln,  to  car- 
bonize itself,  to  circulate  and  condense  its  gases  and  evaporate  its  liquors 
and  shall  ftimish  valuable  chemical  by-products  whose  proceeds  more 
than  pay  the  entire  cost  of  all  attendant  operations  and  leave  the  charcoal 
as  a  clear  profit  to  be  divided  between  the  producer  and  the  consumer. 
A  reference  to  the  appended  table  shows  that  the  general  Introduction  of 
improved  processes  for  the  production  of  charcoal  sufficient  to  meet  the 
present  demands  would  result  in  a  saving  of  over  four  hundred  thousand 
cords  of  wood  per  annum,  a  redaction  of  thirteen  thousand  five  hundred 
acres  in  the  amount  of  forest  lands  annually  denuded  or  the  liberation 
for  other  purposes  of  over  four  hundred  thousand  acres  of  land  were  the 
total  supply  of  charcoal  IhrnlBhed  flrom  permanent  timber  preserves,  and 
the  preseryation  of  by-products  worth,  at  the  lowest  possible  valuation, 
four  million  dollars  per  annum. 

>  The  writer  has  no  interest  whatever  sither  direet  or  iadiieel  in  tbo  process  herein 
described  or  In  the  publication  of  this  paper  which  has  been  prepared  without  solicita- 
tion of  any  kind  and  solely  from  a  belief  that  the  aooovnt  of  the  process  might  be  of 
scientific  interest. 
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On  the  influbncb  of  moisture  in  steam  upon  the  steam  oonsump* 

TION    PER    LB.    OF    ENGINES    OF    LESS  THAN  FIPTT    LBS.      By.   Prof. 

J.  E.  Denton,  Stevens  lostitnte,  HdbokeDy  K.  J. 

[AB8TBA0T.] 

The  paper  describes  an  experiment  with  a  7  X  14  high  speed  engine  in 
which  water  was  injected  into  the  steam  pipe  to  the  extent  of  abont  six- 
teen per  cent  of  the  total  weight  of  steam  nsed  by  the  engine,  and  the  result- 
ing increase  of  steam  consumption  per  lb.  determined.  It  is  shown  that 
the  increase  in  steam  consumption  was  simply  the  water  injected  plus  the 
]atter*s  refdge rating  effect  in  condensing  steam  with  which  it  comes  in 
contact. 

The  result  indicates  that  the  presence  of  moisture  in  steam  does  not  in- 
duce a  more  uneconomical  consumption  of  steam  per  lb.  than  is  due  to  the 
amount  of  moisture  itself;  that  is,  does  not  increase  the  cylinder  conden- 
sation of  the  engine,  but  further  experiments  are,  needed  to  establish  a 
conclusion. 


On  the  possibilitt  of  idbntiftino  dry  or  batttratbd  steam  by  vis- 
ual OBSERVATION  OF  A  JET  OF  SUCH  STEAM  FLOWING  INTO  THE  AT- 
MOSPHERE.   By  Prof.  J.  B.  Denton,  Stevens  Institute,  Hoboken,  N.  J. 

[ABSTBACT.] 

The  paper  describes  an  experiment  in  which  a  Jet  of  steam  flowing  flrom 
a  boiler  at  sixty  pounds  pressure  into  the  atmosphere  is  superheated  to  a 
known  degree,  and  then  made  to  contain  a  known  percentage  of  moisture 
by  the  abstraction  of  a  knowii  amount  of  heat  from  the  Jet. 

Photographs  were  shown  of  the  appearance  of  the  Jet  of  steam  when 
the  latter  is  dry,  or  slightly  superheated,  and  when  containing  two  and 
one-half  per  cent  of  moisture. 

The  conclusion  reached  is  that  as  small  an  amount  of  moisture  as  one 
per  cent  causes  a  jet  of  steam  to  change  in  appearance  to  the  naked  eye 
so  sensibly,  that  when  a  Jet  is  perfectly  transparent  or  invisible  over  a  dis- 
tance of  about  one  inch  fh>m  an  orifice,  which  permits  practically  no  wire 
drawing,  it  may  be  assumed  that  the  moisture  in  the  steam  is  less  than 
one  per  cent. 


BELATTVE  economy  of  HIGH  SPEED  ENGINES  OF  LESS  THAN  FIFTY  LBS.  US- 
ING STEAM  HY  KXPANSION  AND  THROTTLING  RESPECTIVELY.     By  Prof. 

J.  E.  Denton,  Stevens  Institute,  Hoboken,  N.  J. 

lABSTRACT.] 

The  paper  gives  the  results  of  a  series  of  experiments  with  a  7  X  14 
high  speed  steam  engine  of  the  Buckeye  type,  whereby  the  steam  consump- 
tion per  horse  power  was  determined  for  a  large  range  of  expansions  at 
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variable  cat-ofib,  and  for  a  range  of  throttling  at  fixed  cat-off.  The  experi- 
ments were  conducted  so  that  the  same  effective  horse  power  was  obtained 
at  ninety  pounds  boiler  pressure  and  a  speed  of  265-284  revolutions  per 
minute :  (1)  By  expansion  without  the  use  of  a  condenser ;  (2)  By  expan- 
sion and  the  use  of  a  condenser  to  produce^ eighteen  inches  of  vacuum; 
(8)  By  throttling  without  a  condenser;  and  (4)  By  throttling  with  18'r 
vacuum. 

Diagrams  and  tables  showing  the  results  obtained  were  shown.    The 
conclusions  reached  are : 

1.  That  for  ratios  of  expansion  between  one  and  one- half  and  seven, 
there  Is  but  little  variation  of  steam  consumption  per  horse  power. 

2.  That  the  use  of  a  condenser  reduces  the  steam  consumption  of  the 
engine  per  horse  power  for  all  practical  expansions. 

3.  That  "throttling"  results  in  a  considei^ble  loss  of  economy. 


Effect  of  friction  at  the  connecting  rod  bearings  on  the  forces 
TRAN8MITTBD.  By  Frof.  D.  S.  Jacobus,  Stevens  Institute,  Hoboken, 
New  Jersey. 

[ABSTBAGT.] 

Let  Fw  and  Fc  be  the  pressures  of  the  wrist  and  crank  pins  upon  the  rod 
for  frlctionless  pins ;  Pwf  and  Per  the  same  when  there  is  friction ;  rw  and 
To  the  radii  of  the  wrist  and  crank  pins ;  B  the  length  of  the  crank ;  nB 
the  length  of  the  connecting  rod  and  tan  ip  the  coefficient  of  friction. 

Friction  displaces  the  forces  which  the  pins  exert  upon  the  rod,  so  that 
they  are  tangent  to  circles  respectively  equal  to  rw  sin  ^  and  ro  sin  ^. 
These  forces  will  exert  moments  upon  the  rod  tending  to  rotate  It  and 
therefore  affect  all  the  other  forces  of  the  system,  so  that  the  forces  Pw  and 
Fo  become  Fwf  and  Fcr  and  are  altered  from  their  original  line  of  action. 

By  a  well-known  principle  in  mechanics  a  force  applied  at  any  point  is 
equivalent  to  an  equal  force  in  magnitude  and  direction  at  any  other  point 
plus  a  moment  equal  to  the  force  multiplied  by  the  perpendicular  distance 
through  which  It  has  been  displaced.  We  may  therefore  suppose  the 
forces  Fwf  and  For  to  be  applied  at  the  centres  of  the  pins  if  at  the  same  time 
we  Introduce  the  moments  Fwf  rw  sin  <p  and  Fef  re  sin  ip. 

For  convenience  we  will  suppose  each  moment  to  be  produced  by  a  pair 
of  equal  and  opposite  forces  acting  perpendicular  to  the  rod  at  the  centres 
of  the  pins ;  calllug  these  forces  A  and  B  we  shall  have : 

AnR  =s  Fwf  rw  sin  <p 
and  BnR  =  Fcf  ro  sin  ip 

so  that  the  moment  introduced  will  be 

AnR  +  BnR  =  (A-fB)  nR 

Now  instead  of  supposing  Fwf  and  Fef  to  act  In  a  line  tangent  to  the  cir- 
cles rw  sin  ip  and  ro  sin  ip  no  error  will  be  Involved  in  determining  the 
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forces  transmitted  in  the  rod,  if  we  suppose  these  forces  to  act  at  the  centres 
of  the  pins,  and  introduce  two  additional  forces  A+B  acting  at  the  wrist 
pin  perpendicular  to  the  centre  line  of  the  rod  and  —  (A+B)  acting  in  an 
opposite  direction  at  the  crank  pin. 

The  above  reasoning  may  seem  to  involve  a  departure  from  the  exact 
conditions  of  the  problem,  in  which  the  forces  are  really  applied  in  lines 
tangent  to  the  circles  rw  sin  ^  and  re  sin  ^,  and  it  is  the  object  of  the  pa- 
per to  demonstrate  that  two  such  forces  introduced  into  the  solution  for 
frictionless  pins  will  give  the  correct  results  when/rictlon  is  considered. 

It  is  shown  that  Pwf  and  Per,  as  well  as  other  forces  such  as  the  eifort 
exerted  on  the  crank,  may  be  found  with  all  desirable  accuracy  by  employ- 
ing the  values  of  A  and  B  found  by  the  following  approximate  formula : 

^       P.rwgln>f>    andBn^    P*r,>in^ 
uB  nR 

For  instance  in  the  case  of  a  10"  X  12"  horizontal,  high  speed  engine, 
with  the  extravagant  assumption  of  25  %  coefficient  of  ftictlon,  these  for- 
mulae give  A  -|-  B  within  |  of  one  per  cent,  and  Pwf  and  Per  will  be  true 
within  6^0  snd  i4>))o  of  one  per.  cent  respectively. 


General  solution  of  the  transmission  of  force  in  a  steam  engine, 
inclrdino  the  action  of  friction,  acceleration  and  gravitt. 
By  Prof.  D.  S.  Jacobus,  Stevens  Institute,  Hoboken,  N.  J. 

[ABSTRACT.] 

This  problem  has  been  discussed  by  various  writers  at  home  and  abroad 
but  among  the  numerous  contributions  to  the  subject  the  writer  has  found 
none  which  attempt  a  general  solution,  either  some  limited  purpose  being 
kept  in  view,  such  as  the  proper  stiihiess  of  the  connecting  rod,  or  the 
forces  necessary  to  accelerate  it,  or  else  the  problem  is  restricted  in  vari- 
ous ways,  from  fear  of  making  it  too  complicated,  as  for  instance  by  un- 
necessarily simple  hypotheses  and  needless  approximations.  Further  than 
this  some  of  the  solutions  are  faulty. 

A 1  the  last  meeting  the  writer  contributed  a  special  case  of  this  problem 
for  the  purpose  of  giving  the  correct  expressions  for  the  accelerating 
forces  in  an  ordinary  steam  engine,  and  discussing  their  practical  applica- 
tion in  various  special  cases.  At  that  time  the  general  solution,  though 
essentially  complete,  was  not  in  finished  form  for  publication,  the  calcula- 
tions of  numerical  results  in  several  practical  cases  are  yet  to  be  com- 
pleted which  will  still  further  delay  the  complete  publication  of  the  article 
for  a  short  time. 

In  the  general  solution  of  the  problem  the  f  oUowing  conditions  must  be 
assumed : 

(a)  that  the  centre  of  the  crank  shaft  is  not  in  the  line  of  travel  of  the 
wrist  pin. 
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(5)  that  the  centre  of  gravity  of  the  connecting  rod  is  not  in  its  line  of 
centres. 

(c)  that  the  crank  revolves  at  a  nnif  orm  speed, 
(d;  that  the  moving  parts  have  mass. 

(6)  that  gravity  acts  at  any  angle  with  the  engine. 
If)  that  there  is  flriction  between  sliding  surfaces. 
The  following  f ormulee  include  all  of  these  conditions. 

Y,=-r.r^E{  (-T-+,,:^;ri..)  i^^^'+^z)-^  Sine  ] 

ton/5  +  Fi  +  D coBd—  (-4  + J5)  C08 p\ 

Tf=  \ P.+  C—F^  —m—  Gftan9^+D8ind—{A+B)sinP—X^  \ 
8ecpBin{e-\-p)—  T^cose—X^  8in0—{A+B)co8(e+^)—Eco8{0+d) 

Nf=  I Pa+C—F^—m— Oftan  f'l+Z) sin d—{A'\-B)sin  ^X,  j 

secfi co8(d-\-fi)+Y^  sine— X2C08e+{A  +  B)8in{e+fi)'{'E sin 
{0+d) 

T/^=  Tf  —  Bn 
In  which 

nB 

C=z  TT,  sind 

n 

and 

^,  TTi,  and  Fi  are  the  mass,  weight  and  accelerating  force  respectively 
for  the  piston,  rod,  and  cross  head. 
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m  W2$  and  Xi,  X,,  T^  Fj  are  the  mass,  weight  and  acceleratiiig  forces 
for  connecting  rod  (1)  for  wrist  pin  and  (2)  for  crank  pin ;  also  n  £  its 
length ;  c  B,  the  perpendicular  from  its  centre  of  gravity  on  its  centre  line ; 
I  Bt  distance  of  this  perpendicular  from  the  wrist  pin;  KB  principal  ra- 
dius of  gyration. 

B  is  the  length  of  the  crank  and  ^  its  angular  velocity,  and  b  B%  per- 
pendicular from  the  centre  of  its  shaft  upon  .the  path  of  the  wrist  pin ;  d 
being  the  angle  of  this  path  with  the  horizontal. 

rwt  re  are  the  radii  of  the  wrist  and  crank  pins  and  tan  ^  the  coefficient 
of  friction,  tan  ^ '  being  that  of  the  cross  head. 

Pa  is  the  total  effective  pressure  of  steam ;  W  friction  of  the  piston  and 
rod;  Gf  normal  guide  reaction;  P^/and  P^f  pressures  of  the  wrist  and 
crank  pins  against  the  rod ;  N/  and  T/  components  of  P^  parallel  and  per- 
pendicular to  the  crank ;  2^'  the  latter  reduced  to  the  centre  of  the  crank 
pin. 


Thb  Panama  canal  as  rr  is.    By  Dr.  Wolfred  Nelson,  848  Broadway, 
New  York. 

[This  paper  will  be  published  in  the  author's  <*Five  Years  in  Panama."] 
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ON  THE  INTEBNAT20NAL  GEOLOGICAL  C0NGBE88,  AND 
OUB  FAST  IN  IT  AS  AMEBIOAN  GEOLOGISTS. 


We  meet  here  to-day  as  members  of  the  American  Association  for 
the  Advancement  of  Science.  The  wide  extent  of  this  field  has 
made  it  necessary  to  consider  science  in  separate  divisions.  Geog- 
raphy and  geology  have  been  assigned  to  us  and  we  are  required 
to  do  what  we  can  to  advance  these  two  branches  of  the  great  sub- 
ject. 

What  can  each  one  of  us  do  to  help  on  the  knowledge  of  these, 
our  chosen  subjects  of  study?  It  is  hardly  in  place  here  to  go 
over  the  advances  which  have  been  made  in  geography  and  geology 
during  the  last  year.  They  have  been  many  and  important,  but 
the  public  prints  are  so  widely  distributed  that  it  would  be  only  a 
twice-told  tale  to  go  over  the  subjects  in  detail.  There  are,  how- 
ever, some  particulars  to  which  it  may  be  profitable  to  call  your 
attention.  This  association,  at  the  meeting  in  Buffalo  in  1876,  ^'ap- 
pointed a  committee"  to  consider  the  propriety  of  holding  an  Inter- 
national congress  of  geologists  at  Paris  during  the  International 
exhibition  of  1878,  for  the  purpose  of  getting  together  comparative 
collections,  maps  and  sections,  and  for  the  settling  of  obscure 
points,  relating  to  geological  classification  and  nomenclature. 

Through  the  efforts  and  influence  of  this  committee  a  congress 
was  held  in  Paris  in  1878,  at  which  representatives  from  this  coun- 
try and  from  almost  all  the  countries  of  Europe  were  present  and 
took  part  in  the  proceedings,  and  the  business  of.  the  congress  as 
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indicated  above  was  fairly  begun.  A  second  meeting  was  held  at 
Bologna,  Italy,  in  1881,  at  which  some  progress  was  made.  A  third 
at  Berlin  in  1885  and  the  points  of  business  for  the  congress  woe 
somewhat  farther  defined.  A  fourth  meeting  is  to  be  held  in  Lon- 
don in  September  of  this  year  and  it  is  to  be  presumed  that  still 
farther  progress  will  be  made  in  the  two  important  subjects  before 
it,  classification  and  nomenclature. 

But  a  meeting  of  the  congress  must  be  held  in  this  ooontiy 
and  American  geology  must  be  fully  represented  before  any  con- 
clusions can  be  reached  which  will  be  accepted  by  the  scientific 
world.  At  the  meeting  in  London,  an  effort  will  be  made  to  have 
the  next  meeting,  that  of  1891,  held  in  this  country.  There  is  good 
reason  to  ask  that  a  meeting  be  held  here  before  the  discussions 
on  the  important  topics  under  consideration  are  closed.  We  think 
our  field  of  observation  an  important  one,  better  than  that  of  any 
of  the  countries  of  Europe,  and  perhaps  better  than  all  combined. 
This  was  the  opinion  of  the  older  geologists.  William  Maclure  in 
his  ^'Observations  on  the  Geology  of  the  United  States  of  America," 
read  before  the  American  Philosophical  Society  in  1809  gives  sev« 
eral  reasons  why  geology  can  be  best  studied  in  America.  Prof. 
Amos  Eaton  in  1828  quotes  De  Luc  as  saying  that  'Hhe  general 
strata  must  be  settled  in  America  where  nature  seems  to  have  ex- 
ecuted her  works  upon  an  enlarged  scale."  Such,  too,  is  the 
opinion  of  some  of  our  active  geologists  of  the  present  day,  whom  if 
allowed,  I  might  quote.  But  no  argument  on  this  subject  is  needed 
before  this  audience,  nor  will  any  be  needed,  to  bring  the  Interna- 
tional Geological  Congress  to  the  same  conclusion,  and  we  may 
look  for  it  here  three  years  from  this  time. 

With  this  early  notice  of  what  is  expected  of  us,  it  becomes  us 
to  make  our  preparations  to  show  what  we  have  done  in  geography 
and  geology  and  to  enforce  their  claims  to  acceptance,  as  part  of 
the  material  to  be  used  in  providing  for  uniform  classification  and 
names.  As  a  profitable  way  of  beginning  our  work,  we  inquire 
What  are  the  points  in  each  of  these  sciences  which  are  settled  and 
what  still  remain  to  be  worked  out? 

And  first  of  geoobapht.  This  science,  which  has  been  the  sub- 
ject of  study  for  all  of  us  in  our  school-boy  days,  stillneeds  great 
improvements.  As  a  matter  of  civil  geography,  our  country  has 
suffered  greatly  in  finances  and  we  have  come  to  the  very  verge  of 
war,  from  an  inaccurate  knowledge  and  description  of  our  bounda- 


ADDRESS  BT  OBORGE  H.   COOK.  161 

ries.  The  northeastern  boundary  between  the  United  States  and 
Great  Britain,  described  in  the  treaty  of  1783,  was  remarkable  for 
its  inaccuracies  of  reference  to  rivers  and  highlands.  It  took  twenty 
years  to  find  out  the  river  meant  for  the  starting  point  and  forty 
years  more  to  find  the  highlands  mentioned  in  the  treaty,  and  the 
matter  was  finally  settled  by  compromise  in  the  Webster  and  Ash- 
burton  treaty  of  1842.  The  boundary  line  between  the  United 
States  and  Mexico,  as  described  in  the  treaty  of  Guadalupe  Hidalgo 
in  1848,  was  equally  inaccurate  in  its  reference  to  places  as  they 
were  laid  down  on  an  existing  map  which  was  appended  to  the 
treaty.  There  were  errors  of  two  or  three  degrees  in  the  projec- 
tion of  the  map,  so  that  it  did  not  conform  to  the  topography  of 
the  country,  and  the  text  of  the  treaty  could  not  be  executed,  and 
ten  million  dollars  were  paid  to  the  Mexican  government  for  the 
strip  of  territory  needed  to  correct  the  inaccuracy  of  description. 

The  territory  comprising  the  present  states  of  New  York  and 
New  Jersey  was  granted  by  Charles  II  to  his  brother  James,  Duke 
of  York,  in  1664^  and  the  same  year  the  Duke  sold  the  portion 
named  New  Jersey  to  two  English  gentlemen.  The  partition  line 
by  which  it  was  cut  off,  was  probably  described  from  a  Dutch  map 
of  that  time  and  gave  the  position  and  latitude  of  the  two  ends  of 
the  line  which  was  to  be  a  straight  one.  It  was  soon  found  that 
the  latitudes  were  in  error  to  the  amount  of  almost  twenty  miles. 
This  was  the  cause  of  litigation  and  strife  for  more  than  a  hun- 
dred years.  The  line  was  finally  established  by  a  commission  made 
up  of  the  ablest  surveyors  from  all  the  then  colonies.  The  line 
was  run  and  marked  by  monuments  at  the  end  of  every  mile.  Now, 
however,  it  is  found  that  no  three  of  these  are  in  a  straight  line, 
and  taken  as  a  whole,  the  middle  of  the  line  is  nearly  half  a  mile 
out  from  the  line  as  defined. 

£rrors  of  the  same  kind  are  to  be  found  in  all  the  states  sur- 
veyed before  the  present  system  of  government  land  surveys  was 
adopted ;  and  they  are  still  the  cause  of  innumerable  quarrels  and 
lawsuits.  It  is  true  these  are  not  the  points  of  interest  in  our  as- 
sociation, but  they  furnish  most  potent  reasons  for  making  accu- 
rate maps  and  they  cause  the  supplies  to  be  granted  for  making 
such  maps, — maps  with  latitude  and  longitude  accurately  deter- 
mined, and  with  topographic  features  correctly  located,  such  as  are 
essential  to  good  work  in  geology.  The  forms  of  hills  and  moun- 
tains give  clews  to  their  origin  and  structure — the  occurrence  of 
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gaps  or  depressions  in  ridges  suggests  searches  for  faults — breaks 
in  the  lines  of  ridges  lead  to  examinations  for  offsets, — ^lines  of 
rivers  and  of  drainage  lead  to  inquiries  in  almost  every  line  of  in- 
vestigation. With  a  good  topographic  map  before  him  a  geologist 
can  lay  out  his  plans  for  attacking  the  different  problems  which  are 
to  be  solved,  or  he  can  start  his  plan  of  the  hypothetical  structure 
of  a  region,  and  select  the  points  he  needs  to  study,  in  order  to 
confirm  or  confute  his  hypothesis.  Such  maps  are  indispensable 
in  laying  down  and  describing  the  localities  of  the  outcropping 
rocks  which  make  up  the  geological  series  of  the  whole  country. 
The  work  of  making  such  maps,  much  as  they  are  needed  and  im- 
peratively as  they  are  called  for,  is  only  Just  begun.  The  United 
States  Coast  and  Geodetic  Survey  has  long  been  engaged  in  deter- 
mining the  geographical  positions  of  prominent  points  in  the  coun- 
try bordering  on  the  shores  of  the  Atlantic,  the  Pacific  and  the 
Gulf  of  Mexico,  and,  as  far  as  sustained,  it  has  carried  the  work 
inland,  and  if  properly  supported  it  will  carry  its  stations  across 
the  continent.  Its  results  are  attained  with  the  greatest  degree  of 
accuracy  and  are  recognized  as  authority  in  all  countries  where  such 
surveys  are  made^  As  a  basis  for  all  reliable  geographical  surveys 
and  descriptions,  this  work  of  the  Geodetic  Survey  is  needed  now 
in  all  parts  of  our  country  and  its  prosecution  should  be  urged  as 
rapidly  as  possible. 

Good  work  in  the  same  line  has  also  been  done  in  the  lake  sur- 
veys by  the  United  States  government.  Earlier  surveys  of  the 
same  kind  were  begun  by  the  state  of  Massachusetts,  and  more  re- 
cently New  York  has  begun  a  state  geodetic  survey. 

The  accuracy  with  which  surveys  can  be  made  is  only  beginning 
to  be  appreciated.  One  has  only  to  go  into  the  courts  and  learn 
of  the  disputes  and  litigation  which  have  attended  the  older  loca- 
tions of  boundaries  and  grants  of  land  when  errors  of  miles  were 
frequent,  while  by  modern  methods  positions  can  be  fixed  within  a 
few  inches,  to  understand  the  need  there  is  for  good  work  every- 
where. And  it  is  within  the  province  of  this  association  to  exert 
all  its  influence  Uy  this  end.  In  topography  the  making  of  surveys 
is  only  just  begun.  Topographic  maps  of  New  Hampshire  were 
prepared  under  the  direction  of  Prof.  C.  H.  Hitchcock  in  1874. 
Maps  of  Colorado  and  other  western  territories  prepared  under  Dr. 
F.  y.  Hayden  were  published  in  1877.  The  topographic  map  of 
New  Jersey  begun  under  the  direction  of  the  state  geologist  in  1877 
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and  continued  since  Jaly,  1884,  by  the  aid  of  the  United  States 
Geological  Survey,  is  Just  completed  and  published.  The  topo- 
graphic survey  of  Massachusetts  begun  by  the  joint  action  of  the 
state  and  of  the  U.  S.  Geological  Survey  in  1884  is  now  approach- 
ing completion. 

The  United  States  Geological  Survey  began  systematic  work 
looking  to  a  topographic  map  of  the  whole  United  States,  several 
years  since,  and  it  is  now  in  progress  in  different  sections  of  the 
Union.  The  maps  are  being  engraved  in  the  best  manner  and  is- 
sued as  fast  as  they  are  completed. 

There  are  other  topographic  maps  of  more  limited  districts,  to 
which  reference  might  be  made,  but  those  mentioned  are  suCQcient 
to  indicate  the  progress  made  in  this  direction.  We  are  far  behind 
the  countries  of  Europe  in  respect  to  maps  of  the  whole  country — 
but  it  is  believed  that  our  later  maps  will  not  suffer  in  comparison 
with  the  best  of  those  of  foreign  lands,  and  from  some  experience  in 
directing  such  surveys,  I  feel  warranted  in  saying  that  no  public 
expense,  incurred  in  carrying  on  scientific  explorations,  meets  with 
such  hearty  recognition  and  approval  as  that  for  making  and  pub- 
lishing such  information  in  regard  to  the  topographic  features  of 
the  country  in  which  we  reside  or  travel.  Such  maps  are  invalua- 
ble to  the  civil  engineer,  to  those  watching  over  the  public  health, 
to  those  projecting  works  for  water  supply  or  for  drainage,  to 
those  looking  to  the  location  of  roads  and  railroads,  to  those  seek- 
ing locations  for  rural  homes,  to  those  studying  routes  of  travel 
on  foot,  by  carriage  or  by  bicycle,  and  they  touch  at  some  point  or 
other  the  interest  of  every  thoughtful  or  inquisitive  citizen.  Public 
money  faithfully  and  judiciously  expended  in  this  direction  gives 
encouragement  to  those  controlling  the  public  purse,  to  make  lib- 
eral provision  for  the  continuance  of  scientific  works,  and  to  aid 
in  the  investigation  of  the  facts  and  principles  which  constitute 
the  bases  of  all  true  science. 

To  us,  however,  geography  is  of  most  interest,  because  the  forms 
and  features  of  the  earth's  surface  are  so  connected  with  the  struct- 
ure and  materials  which  underlie  it,  that  they  furnish  a  guide  to 
direct  us  in  our  geological  studies,  and  a  means  of  recording  their 
results  with  accuracy  and  clearness.  While  there  is  much  to  be 
done,  there  is  great  encouragement  to  go  on  when  the  subject  is 
progressing  so  satisfactorily. 

Geology  is  revealing  to  us  so  many  of  its  hitherto  hidden  treas- 
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ures,  that  its  study  is  being  pursued  with  more  ardor  and  intelli- 
gence than  ever  before. 

Geology  which  treats  of  the  structure  of  the  whole  earth,  and 
which  includes  in  its  domain  facts  ascertained  and  principles  de* 
duced  from  all  its  parts,  was  first  systematized  from  a  very  limited 
portion  of  the  globe.  It  is  not  surprising,  that  a  system  arranged 
consistently  with  the  facts  in  a  single  country  should  not  be  com- 
prehensive enough  to  meet  the  circumstances  of  all  others.  Amer- 
ican geologists  began  by  transferring  the  Grerman,  English  and 
French  systems  to  this  country.  It  took  little  time  to  find  they 
did  not  fit  the  circumstances  here,  but  with  that  reverence  for  au- 
thority which  is  due  from  the  younger  to  the  older,  we  have  been 
^  trying  to  make  our  geology  conform  to  theirs.  The  effort  is  only 
partially  successful ;  and  we  have  to  admit,  that  something  larger 
and  more  far-reaching  must  be  devised  before  the  science  can  be 
called  a  general  one,  applicable  in  all  places. 

It  was  probably  some  clear  perception  of  this  want  in  the  science 
which  led  our  fellow  members  to  move  for  an  international  con- 
gress of  geologists,  and  now  it  is  our  part  to  see  where  the  de- 
ficiency lies,  and  to  do  what  we  can  to  make  preparations  for 
supplying  it. 

The  time  is  so  short  since  geology  was  first  studied  in  any  sys- 
tematic way  in  this  country,  and  the  advances  have  been  so  rapid 
and  so  large  that  some  consideration  is  needed  before  we  can  clearly 
define  our  present  position  and  standing.  It  is  within  the  lifetime 
of  some  of  our  still  active  geologists,  that  our  first  books  on  the 
subject  were  written.  Maclure's  ^^Observations  on  the  Geology  of 
the  United  States  of  America,"  begun  in  1809,  was  first  printed  in 
its  full  form  in  1817,  and  contains  only  about  thirty  pages  of  de- 
scriptive matter  on  American  geology.  It  was,  as  Professor  Silli- 
man  said,  ^^a  grand  outline,  drawn  by  Mr.  Maclure  with  a  masterly 
hand  and  with  a  vast  extent  of  personal  observation  and  labor." 
In  1818,  Prof.  Benjamin  Siliiman  established  the  American  Journal 
of  Science  and  Arts,  and  in  his  introductory  remarks  he  says  *^To 
account  for  the  formation  and  changes  of  our  globe  by  excursions 
of  the  imagination,  often  splendid  and  imposing,  but  usually  vision- 
ary and  almost  always  baseless,  was,  till  within  half  a  century, 
the  business  of  geological  speculations,  but  this  research  has  now 
assumed  a  more  sober  character ;  the  science  of  geology  has  been 
reared  upon  numerous  and  accurate  observations  of  facts;  and 
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standing  thus  upon  the  basis  of  induction  it  is  entitled  to  a  rank 
among  those  sciences  which  Lord  Bacon's  Philosophy  has  contrib- 
uted to  create. 

^^The  outlines  of  American  geology  appear  to  be  particularly 
grand,  simple  and  instructive,  and  a  knowledge  of  the  important 
facts  and  general  principles  of  this  science  is  of  vast  practical  use 
as  regards  the  interests  of  agriculture  and  the  research  for  useful 
minerals.  Geological  and  mineralogical  descriptions,  and  maps  of 
particular  states  and  districts,  are  very  much  needed  in  the  United 
States ;  and  to  excite  a  spirit  to  furnish  them  will  form  one  leading 
object  of  the  contemplated  journal." 

From  this  date  onward  the  growth  of  American  geology  has  been 
rapid  and  plainly  marked.  The  American  Journal  itself,  still  in 
the  charge  of  the  family  of  its  founder  and  supported  by  a  corps 
of  men  representative  in  science,  continues  to  be  a  repository  of 
the  advances  of  geological  science.  The  Academy  of  Natural  Sci- 
ences began  the  publication  of  geological  papers  the  same  year, 
and  Prof.  Amos  Eaton  published  his  first  geological  paper  that 
year.  It  was  a  geological  transverse  section  extending  from  Cats- 
kill  mountain  eastward  to  the  Atlantic.  Prof.  Edward  Hitchcock 
began  the  publication  of  his  geological  studies  very  soon  after. 
The  ^^Geological  and  Agricultural  Survey  of  the  district  adjoining 
the  Erie  canal  in  the  state  of  New  York,  accompanied  by  a  Geo- 
logical Profile  extending  from  Boston  to  Lake  Erie,"  by  Prof.  Amos 
Eaton,  was  published  in  1824.  The  Geological  Survey  of  North 
Carolina  was  begun  by  Denison  Olmstead  in  the  same  year  ;  that 
of  South  Carolina  by  Lardner  Yanuxem  in  1826  ;  that  of  Massa- 
chusetts by  Edward  Hitchcock  in  1832  ;  that  of  Maryland  in  1834 
by  J.  T.  Ducatel  and  J.  H.  Alexander.  That  of  Tennessee  by 
G.  Troost  in  1835.  In  1836  surveys  were  begun  in  New  York  by 
Wm.  W.  Mather,  Ebenezer  Emmons,  Lardner  Yanuxem,  Timothy 
A.  Conrad  and  James  Hall ;  in  New  Jersey  by  Henry  D.  Rogers ; 
in  Pennsylvania  by  Henry  D.  Rogers ;  in  Ohio  by  S.  P.  Hildreth, 
and  in  Virginia  by  Wm.  B.  Rogers.  In  1837  Charles  T.  Jackson 
began  the  survey  of  Maine  and  Jas.  G.  Percival  that  of  Connecticut. 
In  1838  D.  D.  Owen  began  that  of  Indiana,  and  Douglass  Hough- 
ton that  of  Michigan.  Delaware  was  begun  by  Jas.  C.  Booth  in 
1839  and  Kentucky  by  W.  W.  Mather  in  the  same  year.  Rhode 
Island  was  begun  in  1840  and  New  Hampshire  in  1841  by  Dr. 
Charles  T.  Jackson. 
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The  bare  enumeration  of  these  surveys  and  reports  is  enough  to 
show  the  active  interest  in  geology  which  had  been  developed  in 
the  country  in  those  twenty-three  years,  both  in  the  estimation  of 
scientific  men  and  in  that  of  the  public  which  authorized  and  en- 
couri^ed  the  surveys.  The  men  prominent  in  prosecuting  the  va- 
rious surveys  were  able,  enterprising  and  enthusiastic  in  their 
views  of  geology,  both  in  its  relations  to  science  and  to  its  economic 
applications.  Their  reports,  now  at  the  end  of  fifty  years,  are  in- 
teresting reading  and  we  wonder  that  so  much  good  work  could 
be  done  in  a  new  and  broad  field,  with  such  imperfect  information 
to  guide  and  with  moderate  financial  support.  The  publication  of 
these  reports  made  it  evident  that  men  engaged  in  fields  so  remote 
from  each  other  would  be  benefited  in  their  work  and  relieved  in  their 
perplexities  by  conference  with  each  other.  On  April  2,  1840,  a 
meeting  was  held  in  Philadelphia  and  the  American  Association 
of  Geologists  and  Naturalists  was  organized.  Of  the  eighteen 
present,  thirteen  or  fourteen  were  geologists  fresh  from  the  field. 
Nearly  all  have  finished  their  work,  though  we  are  still  permitted 
to  see  one  of  them, — Prof.  James  Hall,  ripe  in  years,  vigorous  in 
health,  and  alive  to  everything  which  promotes  the  interests  of  the 
subject  to  which  he  has  devoted  himself  for  more  than  half  a  cen- 
turv. 

The  proceedings  of  the  meeting,  which  was  continued  through  a 
second  and  third  day,  are  of  interest  to  us,  as  showing  the  prob- 
lems which  occupied  them,  something  of  the  questions  then  settled, 
and  of  those  on  which  they  sought  information  and  advice.  Pro- 
fessor Hitchcock  exhibited  specimens  of  '^fossil  footmarks  so 
called."  ^^This  subject  was  of  such  interest  as  to  induce  the 
Association  to  appoint  a  committee  to  visit  the  localities  and  to 
report  at  the  next  meeting.''  Some  persons  had  insisted  that  the 
tracks  were  only  markings  of  some  nondescript  seaweed ;  but  next 
year  the  committee,  H.  D.  Rogers,  Vanuxem,  Taylor,  Emmons  and 
Conrad,  reported  that  the  views  of  Hitchcock  were  sustained  by 
facts,  and  that  the  tracks  were  those  of  birds  as  he  represented. 
Later  discoveries  have  proved  the  then  existence  of  Dinosaur  rep- 
tiles, which  were  "biped  in  locomotion,  like  birds,  seldom  bringing 
their  fore-feet  to  the  ground."  Some  of  them  were  three-toed,  oth- 
ers four-toed,  and  still  others  five-toed.  And  the  question  involv- 
ing so  much  of  interest,  and  to  some  of  feeling,  is  now  settled  in 
the  minds  of  all  geologists,  the  tracks  are  those  of  reptiles. 
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At  this  first  meeting  there  was  a  discussion  on  the  subject  of  dilu- 
vial action.  Information  was  communicated  concerning  diluvial 
grooves  or  scratches  observed  in  the  valleys  of  the  Hudson,  the 
Ohio  and  the  Mississippi,  on  the  polished  limestones  in  New  York, 
Pennsylvania,  etc.,  and  points  were  suggested  for  investigation. 
At  the  following  meeting,  W.  W.  Mather,  who  appears  to  have  been 
of  a  committee  on  Drift,  asked  leave  to  defer  his  report  to  the  next 
meeting.  The  subject,  however,  was  ably  discussed  then,  and  the 
report  of  the  discussion  is  very  interesting  showing,  as  it  does, 
the  interest  it  excited,  and  the  many  inquiries  and  investigations  it 
had  set  in  operation. 

At  the  third  meeting,  the  subject  was  a  leading  one  before  the 
Association.  A  very  full  and  admirable  paper  was  presented  by  Mr. 
Couthoy  on  the  phenomena  of  icebergs,  their  movements,  their 
agency  in  carrying  earth  and  stones,  and  in  disturbing  the  bottoms 
of  shallow  seas.  A  very  full  and  carefully  prepared  paper  was 
read  by  Professor  Hitchcock  on  "The  Phenomena  of  drift,  or  glacio- 
aqueous  action  in  North  America."  His  statement  of  facts  was 
full  and  very  fair,  and  approached  as  near  to  the  glacial  theory  as 
could  be  done  by  one  who  had  not  visited  glaciers  and  obsei-ved 
their  phenomena.  Charpenti6r's  work  on  glaciers,  and  the  erratic 
deposits  in  the  valley  of  the  Rhone,  was  then  but  just  published, 
and  the  masterly  demonstrations  of  Agassiz  on  glaciers,  their 
movement  and  effects  were  not  completed  when  this  meeting  was 
held.  It  is  not  surprising  that  our  geologists  were  slow  in  accept- 
ing this  theory.  There  were  no  known  glaciers  in  the  country, 
and  we  had  nothing  in  our  observation  from  which  to  get  a  starting 
point.  Gradually  as  more  students  have  visited  European  glaciers, 
and  their  phenomena  have  been  more  studied,  the  theory  has  been 
accepted,  and  those  who  are  still  incredulous  are  a  small  minority. 
It  has  been  the  subject  of  many  papers  and  much  discussion  in  this 
Association  ;  and,  as  would  naturally  be  the  case,  the  question  has 
been  most  clearly  presented  and  most  convincingly  settled  in  those 
parts  of  the  country  where  the  glaciated  and  the  unglaciated  sur- 
faces come  in  contact.  And  if  the  doubters  will  visit  the  southern 
margin  of  the  great  terminal  moraine  and  examine  the  surface 
where  within  a  few  feet  one  passes  from  the  glaciated  surface  and 
the  moraine  of  bowlders,  gravel  and  drift-earth  to  the  unglaciated 
surface  and  the  plain  where  bowlders  and  mixed  gravel  are  almost 
unknown,  I  cannot  but  think  they  will  be  convinced.    The  second 
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question  which  has  originated  in  later  times,  whether  there  was  an 
earlier  glacial  formation  than  the  one  so  well  marked  and  which 
extended  farther  south,  and  that  there  was  a  long  interglacial  pe- 
riod between  them,  is  answered  in  the  affirmative  by  many.  It  is 
a  question  surrounded  by  many  more  difficulties  than  the  first  and 
I  think  needs  more  complete  demonstration.  It  is  worth  the  at- 
tention of  our  geologists  and  we  may  hope  it  will  be  settled  before 
1891. 

Another  question  presented  at  the  first  meeting  of  geologists 
and  naturalists  was  as  to  the  origin  of  serpentine,  whether  strictly 
intrusive  or  metamorphic.  The  question  has  been  much  discussed 
,  since  that  time  and  some  of  its  difficulties  have  been  cleared  up. 
Serpentine  is  now  known  to  be  a  secondary  product  by  chemical 
change  and  substitution  of  some  of  its  elements,  both  in  igneous 
and  stratified  rocks.  It  is  in  some  cases  not  easy  to  assign  it  to  its 
proper  origin  and  each  exposure  of  the  rock  in  place  has  to  be  de- 
termined by  its  own  characters  and  surroundings. 

Other  subjects  of  a  more  general  character  relating  to  agricul- 
ture and  the  arts  were  presented  and  discussed.  It  is  a  source  of 
regret  that  a  fuller  report  of  the  proceedings  was  not  prepared  and 
published ;  for  this  meeting  marks  an  important  era  in  the  history 
of  geological  science  in  America.  The  conference  gave  new 
strength  and  courage  to  investigators ;  it  introduced  new  men  into 
the  field  ;  it  began  the  work  of  combining  and  systematizing  facts 
which  were  ascertained ;  and  of  providing  for  the  newly  discovered 
facts  as  they  were  brought  forward.  We  owe  a  debt  of  gratitude 
to  the  men  who  took  such  pains  to  learn  to  do  their  work  well  and 
to  transmit  it  in  well  arranged  form  to  their  successors. 

Meetings  were  held  by  the  Association  in  the  successive  3'ears 
1841  to  1847  inclusive,  and  it  was  then  resolved  into  the  American 
Association  for  the  Advancement  of  Science,  the  first  meeting  of 
which  was  in  1848.  The  section  of  Geography  and  Geology,  now 
section  E  of  the  American  Association,  is  the  representative  of  the 
society  organized  by  American  geologists  to  collate  the  individual 
work  of  each  other,  and  to  bring  them  into  harmony  of  succession 
and  name.  It  has  already  done  much,  and  has  reached  the  posi- 
tion from  which  it  is  prepared  to  do  much  more. 

Many  and  perplexing  questions  have  arisen  in  the  progress  of 
geology,  some  of  which  have  taxed  the  powers  of  our  ablest  men  ; 
by  continued  eflbrts  they  are  being  solved.    The  Taconic  ques- 


ADDRESS  BT  GEORGE  H.  COOK.  169 

tion  was  really  started  as  early  as  1828  when  Professor  Eaton, 
in  an  article  on  Geological  Nomenclature,  in  the  Am.  Jour,  of 
Science,  Vol.  24,  p.  147,  said  '*  I  have  traversed  the  transition 
range  from  Massachusetts  line  to  Hudson  in  fiCteen  places  since 
the  first  part  of  this  survey  was  published,  for  the  purpose  of  as- 
certaining the  true  superposition  of  rocks  in  this  most  complicated 
and  difficult  geological  theatre. 

^^  The  argillite  under  which  the  granular  limestone  passes  near 
Massachusetts  line,  is  certainly  the  very  same  continuous  rock 
which  forms  the  Gohoes  falls  and  bed  and  banks  of  the  Hudson 
from  Baker's  falls  to  Newberg  near  the  Highlands.  All  the  inter- 
vening rocks  lie  in  a  kind  of  inclined  trough  in  the  argillite.  We 
have  no  primitive  argiUite  in  our  district,  if  organic  remains  form 
the  c/iara>cteristic  distinction.  Neither  do  I  believe  there  is  such  a 
rock  as  primitive  argillite  on  this  globe.  This  is  Bakewell's  opin- 
ion ;  and  though  I  have  often  changed  mine,  I  now  believe  he  is  cor- 
rect, and  that  the  basseting  edges  of  the  same  rocks  present  a  more 
primitive  appearance  in  all  cases ;  and  that  this  fact  has  led  geol- 
ogists into  ruinous  errors." 

These  were  the  opinions  reached  by  Professor  Eaton  ;  they  vary 
somewhat  from  those  presented  by  him  in  his  report  on  the  Erie 
canal  rocks  in  1824 ;  but  they  were  his  matured  conclusions  and 
from  them  he  never  afterwards  varied.  He  presented  them  strong- 
ly as  became  one  who  was  thoroughly  convinced  of  their  correct- 
ness. At  the  end  of  sixty  years  we  can  now  see  for  the  ground  he 
worked  on,  that  he  was  right ;  and  if  he  had  known  of  some  peculi- 
arities of  structure  which  have  been  worked  out  by  his  successors 
he  could,  with  proper  allowance  for  faults,  have  made  a  demon- 
stration which  would  have  saved  a  vast  amount  of  time  and  labor. 
In  1842,  Dr.  Emmons  presented  his  views  of  the  rock  structure  of 
the  country  between  western  Massachusetts  and  the  Hudson  river 
and  gave  to  the  rocks  the  name  of  the  Taconic  system.  This  was 
in  accordance  with  the  teachings  of  Professor  Dewey  in  1820,  Am. 
Jour.,  Vol.  II,  p.  246.  This  view  was  controverted  by  Dr.  Em- 
mons' associates  in  the  New  York  Geological  Survey  and  by  many 
other  prominent  geologists ;  on  the  other  hand  it  had  the  support 
of  some,  and  the  discussions  on  the  subject  have  been  earnest  and 
well  contested  almost  up  to  the  present  time.  It  is  now  conceded 
that  the  array  of  evidence  brought  by  Prof.  J.  D.  Dana,  and  later 
by  Mr.  Walcott,  proves  the  case  against  Dr.  Emmons  and  his  Ta- 
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conic  system  as  first  stated.  The  slates  and  limestones  along  the 
New  York  and  New  England  boundary  are  of  the  Silurian  age. 
Dr.  Emmons,  in  his  later  work,  did  describe  some  rocks  of  the 
pre-Potsdam  age,  but  they  are  on  the  western  border  or  almost 
outside  his  original  Taconic  system  of  rocks.  It  now  remains  to 
assign  the  proper  value  to  the  name  Taconic  or  to  abandon  it. 
Its  originator  was  an  able  man  and  an  industrious  investigator. 
The  questions  he  introduced  were  fair  ones  and  have  been  well 
contested ;  if  they  have  not  been  fully  proved  in  the  affirmative 
they  have  at  least  brought  him  no  dishonor.  In  the  progress  of  this 
discussion  it  appears  that  some  of  the  difficulties  attending  the 
case  arose  from  the  different  degrees  of  metamorphism  in  rocks  of 
the  same  age  and  composition.  Attention  is  now  drawn  more 
strongly  than  at  any  previous  time  to  the  need  of  a  careful  study 
of  the  metamorphic  changes  which  rocks  have  undergone. 

Prof.  Henry  D.  Rogers,  at  one  of  the  early  meetings  of  the  As- 
sociation, brought  forward  the  peculiar  structure  of  the  Triassic  for- 
mation of  New  Jersey,  Pennsylvania  and  the  states  farther  south ; 
a  long  and  comparatively  narrow  strip  with  a  monoclinal  dip  near- 
ly at  right  angles  to  the  length  of  the  formation.  The  origin  of 
this  was  to  him  a  subject  of  curious  interest,  and  his  presentation 
of  a  theory  to  account  for  it,  was  a  delight  to  those  who  could  listen 
to  his  eloquent  delivery.  His  theory  was  not  satisfactory,  how- 
ever, and  many  have  since  tried  their  skill  in  the  endeavor  to  solve 
the  problem.  It  has  been  supposed  that  if  longitudinal  or  north- 
east and  southwest  fractures,  with  an  upthrow  on  the  northwest 
side  of  each  of  them,  could  be  found  that  they  would  explain  the 
difficulty  ;  but  the  rock  is  so  nearly  uniform  in  color  and  compo- 
sition and  so  easy  of  disintegration  that  faults  are  hard  to  find,  if 
they  do  exist.  But  it  is  believed  that  localities  have  been  found 
where  such  faults  can  be  shown  and  the  fractured  strata  identified, 
both  by  mineral  composition  and  by  fossils.  This  removes  an- 
other vexed  question  from  the  field  and  leaves  the  geologist  to 
turn  his  attention  to  others  that  demand  investigation. 

Where  to  place  the  American  Trias  in  the  geological  column  is 
not  settled.  There  are  also  further  questions  relating  to  the  age 
of  its  igneous  rocks,  on  which  there  is  some  difference  of  opinion ; 
and  the  correlation  of  the  Trias  of  the  Atlantic  slope  with  that  of 
the  middle  and  western  portions  of  the  continent  needs  much  ex- 
amination and  study  to  bring  it  to  a  satisfactory  condition.    The 
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materials  collected  by  the  geologists  of  the  United  States  Geolog- 
ical Survey  and  by  those  of  other  government  surveys  have  made 
large  provision  for  such  examination  and  now  await  the  final  ar- 
rangement. 

The  labors  of  Dr.  Morton  and  others,  early  in  1834,  demon- 
strated the  existence  of  the  cretaceous  system  in  New  Jersey  and 
states  farther  south,  and  the  study  of  its  fossils  in  New  Jersey,  by 
them,  has  made  that  locality  classic  ground  for  studies  in  that  mem- 
ber of  the  geological  column.  The  developments  there,  though 
plainly  and  carefully  worked  out,  comprise  but  a  small  part  of  the 
system  as  found  in  other  countries.  It  is  interesting  to  see  the 
results  of  the  explorations  of  later  times  as  they  have  been  contin- 
ued at  the  south  and  in  the  great  plains  west  of  the  Mississippi, 
in  the  Rocky  mountains  and  in  California.  Each  of  these  fields 
supplies  some  missing  member  of  the  series.  The  additions  made 
are  enormously  large  and  seem  to  give  all  that  is  needed  to  make 
the  system  complete.  The  rocky  structure  of  the  country  needs 
now  to  be  studied  to  make  sure  that  there  are  uo  repetitions  of  the 
rocks  by  great  faults  which  sometimes  increase  the  apparent  thick- 
ness to  a  wonderful  degree.  Dr.  White,  in  the  last  number  of  the 
American  Journal,  published  his  conclusion  that  the  Laramie  be- 
longs in  the  upper  part  of  the  Cretaceous.  At  our  meeting  last  year, 
Mr.  Hill  gave  an  account  of  the  great  additions  to  this  system  in 
the  geology  of  Texas,  and  we  have  from  Mr.  McGee  an  account 
of  a  new  addition  to  the  lower  portion  of  the  Cretaceous  in  the  vi- 
cinity of  Washington  which  he  names  the  Potomac  series.  With 
the  scattered  material  which  has  been  published  in  various  reports 
and  otherwise,  there  should  be  enough  to  show  the  fulness  ^f  the 
American  series  of  that  system. 

In  the  Tertiary  a  good  beginning  was  made  early  in  the  explo- 
rations of  our  Atlantic  and  Gulf  borders,  but  those  in  the  west 
and  in  the  Rocky  mountains  are  so  much  more  extensive  than  any 
before  known,  and  the  fossils  described  are  of  such  an  extraordi- 
nary character,  that  it  seems  that  a  revision  of  the  series,  hereto- 
fore known,  must  be  made  so  as  to  include  the  American  develop- 
ments. 

Whether  the  Quaternary  shall  appear  as  a  system  in  the  list,  or 
shall  simply  be  considered  as  one  of  the  Tertiary  series  is  an  un- 
settled point.  If  the  systems  are  to  be  distinguished  from  each 
other  by  well   and   plainly  marked  changes  in   stratification  or 
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structure,  then  it  is  most  likely  the  Quaternary  will  be  only  a  sys- 
tem in  that  group. 

In  the  International  Geological  Congress  the  two  topics  for  ex- 
amination and  if  possible  for  agreement  are  the  general  system  of 
nomenclature,  and  the  colors  to  be  used  in  making  geological  maps. 
It  is,  however,  perfectly  obvious  that  before  agreeing  on  names  to 
be  used,  the  objects  to  be  named  must  first  be  agreed  upon.  And 
it  is  evidently  from  the  lack  of  completeness  in  the  geological  col- 
umn in  any  single  country  where  the  geology  has  been  well  studied 
and  described,  that  the  first  difficulty  arises.  The  order  of  suc- 
cession of  the  rocks  has  been  published,  and  names  have  been  given 
to  them,  and  now  that  these  have  been  in  use  it  is  difficult  to  so 
change  them  as  to  make  them  a  part  of  a  scheme  that  shall  be  of 
universal  application.  It  was  this  end  which  our  Association  aimed 
at  in  their  resolution  passed  in  1876.  And  while  progress  has  been 
made  in  the  work  at  each  meeting  since  held  by  the  Congress,  it 
is  still  in  a  very  mixed  condition.  Great  difficulties  arise  from  the 
different  languages  spoken  by  the  representatives  of  the  several 
nations  represented.  In  the  Congress  at  Paris,  in  1878,  twenty 
difierent  ones  represented ;  in  that  at  Bologna,  in  1881,  there  were 
sixteen,  and  in  that  of  Berlin  in  1885,  Seventeen  countries  were 
represented.  The  language  of  the  Congress  is  French,  and  all 
the  representatives  are  required  to  present  their  subjects  and  com- 
munications in  that  language.  Of  course  all  foreigners  are  at  a 
disadvantage, —  and  many  are  hopelessly  so.  Another  difficulty 
arises  from  unequal  representation.  The  attendance  is  voluntary, 
the  members  pay  their  own  expenses,  and  the  time  and  money  re- 
quired must  hinder  many  who  are  deeply  interested  from  attend- 
ing the  meetings,  and  this  hindrance  is  greater  in  proportion  as 
the  distance  from  the  place  of  meeting  increases.  The  attendance 
shows  this ;  at  the  Paris  meeting  there  were  194  Frenchmen  and 
110  foreigners,  at  the  Bologna  meeting  149  Italians  and  75  for- 
eigners, and  at  the  Berlin  meeting  168  Germans  and  92  foreign- 
ers. This  it  will  be  seen  does  not  give  general  geology  a  fair 
representation,  when  questions  come  up  which  are  to  be  decided 
in  favor  of  the  majority  voting  on  them.  Such  votes  can  only  be 
tentative,  and  the  decisions  will  hardly  be  acquiesced  in  until  a 
more  equable  representation  is  brought  to  act  upon  the  unsettled 
questions,  and  many  more  countries  have  been  fully  represented. 
T  hey  do,  however,  bring  out  the  questions  upon  which  action  is  to 
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be  taken,  and  prepare  the  way  for  a  right  decision.  The  Congress 
at  Berlin  aimed  to  embody  the  present  condition  of  European  geo- 
logical science,  and  cartography  by  preparing  a  map  of  Europe 
in  which  the  legend  gave  all  the  larger  known  divisions  of  the  geo- 
logical column,  and  the  colors  on  the  map  showed  their  locations. 
The  following  tabular  statement  gives  the  results  they  had  reached 
at  the  time  of  the  Berlin  meeting  in  1885.  It  is  taken  from  the 
Report  of  Dr.  Persifor  Frazer,  Secretary  of  the  American  Com- 
mittee of  the  International  Geological  Congress,  who  was  present 
and  took  part  in  the  meeting.  I  copy  only  the  classification  and 
nomenclature,  and  omit  the  part  relating  to  color. 

The  presentation  of  this  tabular  statement  gives  opportunity  to 
examine  the  various  parts  separately ;  allows  those  who  make  par- 
ticular portions  of  it  their  study,  to  fill  up  its  deficiencies  and  those 
who  are  in  any  way  questioning  its  truth  to  nature,  to  make  criti- 
cisms and  corrections.  It  will  be  seen  that  the  stratified  Terranes 
are  all  included  in  five  divisions  which  go  from  the  more  general  to 
those  which  are  more  specific. 

Those  of  the 
First     order  are  named  Groups,    and  their  times  are  Eras. 


Second 

Systems    " 

Periods. 

Third 

Series        " 

Epochs. 

Fourth 

Stages       " 

Ages. 

Fifth 

Beds         «' 

? 

Sixth 

Aft 

?               " 

? 
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SEDIMENTARY  TERRANES. 


TIME  DIVISIONS. 


2$t  order, 

ERA. 


8nd  order. 

PERIOD. 


8rd  order, 
BFOGH. 


4th 
order, 

AGE. 


6th 
order. 


STBUCTUBAL  DIVISIONS, 


GROUPS. 


SYSTEMS. 


SKRIBS. 


STAGES 


BEDS. 


i*re6ent  deposits  (alluria],  etc.) 

• 

o 

'Quaternary  (diluvinm) 

o 

N 

o 

Pliocene, 

Tettiary. 

<  Miocene, 
Oligocene, 
Eocene. 
'Upper  Cretacic, 

Cretacic. 

Gaolt, 

* 

Lower  Cretacic  (Neocomian), 
.Wealdian. 

o 
o 

i 

JnrasBic. 

TMalm, 
\  Dogger, 

o 

^ 

? 

LLias. 
BhoBtic. 
Upper  Trias  (Kenper) 

Triasalc 

<  Middle  Trias  (Masebelkalk) 

• 

Carbonlo. 

Lower  Tiias  (variegated  sandstone). 

Zechstein, 

Permian. 
i  Coal  Measures, 
(  Lower  Carbonic  (Cnim), 

fW 

'Famennian, 

DeTonlo. 

*  Bifelian, 

fi 

Rhenan. 

fik 

SUttrio« 

r  Upper  Silnric, 
'  Lower  Siluric, 
.Cambrian, 
f  Aiolo  Schists  (PhyUItes), 

^ 

▲rohiean. 

]  CrystoUtne  Schists,  ' 
(.Qneisa^etc. 
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There  was  strongly  expressed  opposition  to  the  order  of  the 
terms  groups  and  series^  a  very  respectable  minority  preferring  to 
have  them  transposed  and  to  call  divisions  of  the  first  order  series 
and  those  of  the  third  order  groups^  and  this  action  may  yet  be 
taken.  The  names  of  the  several  groups  are  well  settled  by  pres- 
ent usage,  though  the  French  and  some  other  nations  preferred  the 
still  older  names  of  Primitive,  Primary,  Secondary  and  Tertiary ; 
and  as  they  are  well  settled  in  our  language  they  might  be  rein- 
stated without  difficulty. 

The  divisions  of  the  second  order,  systems^  are  the  same  with 
those  now  in  general  use.  The  attempt  is  made  to  have  the  names 
all  end  in  ic  and  is  successful  except  in  the  first  and  last  ones.  It 
will  be  seen  that  no  agreement  was  reached  in  regard  to  the  proper 
location  of  the  dividing  line  between  the  Jurassic  and  Triassic  sys- 
tems, the  Rhoetic  series  being  the  subject  of  difference.  It  is  doubt- 
ful whether  it  is  distinctly  recognized  in  American  geology.  And 
in  the  cases  of  the  Zechstein  and  Permian,  there  was  such  decided 
difference  of  opinion  as  to  their  proper  connection  with  the  Trias- 
sic or  Carbonic  systems  that  the  decision  was  deferred.  Our  Amer- 
ican geologists,  Hall  and  Newberry,  who  were  present,  stated  that, 
as  far  as  now  known,  the  decision  would  not  affect  the  division  of 
the  American  series,  no  representatives  of  the  Permian  having 
been  found  in  the  United  States.  The  clearest  sentiment,  as  ex- 
pressed, was  rather  in  favor  of  joining  them  to  the  Carbonic  sys- 
tem. 

As  far  as  divisions  of  the  first  and  second  order  are  concerned, 
it  appears  as  if  uniformity  of  practice  in  marking  the  divisions,  in 
giving  names  and  in  using  colors  for  maps  are  concerned,  a  conclu- 
sion could  soon  be  reached.  But  in  the  divisions  and  names  of  the 
third  order,  as  they  now  stand  in  the  Proceedings  of  Congress, 
there  will  need  to  be  much  further  investigation  and  conference. 
But  the  free  and  wide  fields  of  research  and  discussion  must  cer- 
tainly bring  out  the  truths  now  wanting  in  order  to  fill  out  the 
blank  places  in  the  series.  The  extension  of  work  over  wider 
fields  is  constantly  filling  the  great  gaps  which  are  so  marked  in 
narrower  fields,  and  are  leading  to  the  conclusion  that  while  sedi- 
mentation has  ceased  for  a  time  in  some  localities,  it  has  at  the 
same  time  been  going  on  in  others ;  and  so  the  passage  from  one 
division  to  another  may  finally  be  shown  to  be  an  almost  inappre- 
ciable one. 
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As  it  stands  now  in  this  list  of  names  we  are  reminded  of  the 
remarks  of  Whewell  made  more  than  fifty  years  ago,  that  the  ad- 
vancement of  three  of  the  main  divisions  of  geological  inquiry  has 
during  the  last  half  century  been  promoted  successively  by  three 
different  nations  of  Europe,  the  Germans,  the  English,  and  the 
French.  The  systematic  study  of  what  may  be  called  mineralogi- 
cal  geology  had  its  origin  and  chief  point  of  activity  in  Germany, 
where  Werner  first  described  with  precision  the  mineral  characters 
of  rocks.  The  classification  of  the  secondary  formations,  each 
marked  by  their  peculiar  fossils,  belongs  in  a  great  measure  to 
England,  where  the  labors  of  Smith,  and  those  of  the  most  active 
members  of  the  Geological  Society  of  London,  were  steadily  di- 
rected to  these  objects.  The  foundation  of  the  third  branch,  that 
relating  to  the  Tertiary  formations,  was  laid  in  France  by  the 
splendid  work  of  Cuvier  and  Brongniart,  published  in  1808,  *^0n 
the  Mineral  Geography,  and  Organic  Remains  of  the  Neighbor- 
hood of  Paris." 

^*We  may  still  trace,  in  the  language  of  the  science,  and  our 
present  methods  of  arrangement,  the  various  countries  where  the 
growth  of  these  several  departments  of  geology  was  at  different 
times  promoted." 

With  the  great  accessions  which  have  been  made  to  the  general 
stock  of  geological  knowledge,  by  American  geologists,  and  the 
general  publication  of  it,  it  becomes  necessary  that  this  should  be 
incorporated  in  a  work  which  is  designed  to  be  comprehensive 
enough  to  take  in  the  geology  of  the  world.  This  list  of  names 
for  the  members  of  the  series  undoubtedly  satisfied  the  Europeans 
who  voted  upon  them,  but  they  are  too  local,  too  geographic,  too 
strange  to  have  a  place  in  any  general  series.  Names  must  be  given 
in  describing  new  kinds  or  occurrences  of  rocks,  but  they  should 
be  provisional,  and  dropped  whenever  some  more  characteristic  or 
generally  appropriate  name  can  be  found.  For  calling  attention  to 
the  several  divisions,  these  names  will  be  very  useful,  and  by  their 
general  publication  they  can  be  brought  to  the  consideration  of 
hundreds  of  working  geologists,  who  by  their  contributions  and 
suggestions  can  throw  light  on  the  subject,  though  they  may  never 
be  able  to  attend  an  international  geological  congress.  The  ad- 
vancement of  science  in  modern  time  is  brought  about  much 
more  by  the  increased  number  of  workers  in  the  cause  than  it  is  by 
the  greater  attainments  of  a  few  men.    With  attention  properly 
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drawn  to  this  position  of  geological  science,  with  a  great  body  of 
workers  in  the  field,  with  an  immense  territory  in  which  to  work, — 
and  with  a  notice  of  three  years  in  advance,  we  can  prepare  the 
case  so  as  fairly  to  present  the  claims  of  American  geology  to  a 
representation  in  a  general  system  of  geology.  The  Congress  went 
no  farther  in  the  lists  of  names :  those  of  the  fourth,  fifth  and  sixth 
order  will  be  still  more  difiScult  to  generalize,  and  it  may  be  that 
it  will  be  found  expedient  to  leave  the  names  of  these  orders  to  be 
given  in  the  languages  of  the  countries  where  they  find  their  appli- 
cation. 

It  might  tend  to  a  more  equitable  representation  of  the  views  of 
members  from  different  countries,  if  the  number  of  votes  to  which 
each  country  should  be  entitled,  could  be  equitably  settled,  and 
the  representation  from  each  country  should  be  in  some  way  con- 
trolled by  the  whole  body  of  geologists ;  but  in  a  country  like  ours, 
where  most  geologists  have  active  duties  to  discharge  in  the  milder 
seasons  when  meetings  are  held,  this  cannot  always  be  had.  Be- 
sides, the  work  calls  for  an  individual  sacrifice  of  money  and  time 
which  many  persons  think  they  cannot  properly  make  either  for  the 
public  good,  or  for  the  benefit  of  science. 

These  are  difficulties  which  attend  the  present  arrangements  for 
work ;  and  at  present  I  can  only  bring  them  to  your  attention  with- 
out offering  any  suggestions  for  their  solution.  The  objects  of  the 
Congress  are  worthy  and  useful  ones,  and  they  will  be  attained. 
To  us  they  give  direction  and  point  to  our  investigations  and 
studies,  and  they  will  be  profitable  by  leading  us  to  a  fuller  exam- 
ination of  the  whole  field  of  geological  science  as  well  as  to  a  more 
careful  and  demonstrative  study  of  special  fields  in  which  our  in- 
dividual work  lies. 
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The  discovrry  of  sporocarps  in  the  Ohio  shale.    By  Prof.  Edward 
Orton,  Colambus,  Ohio. 

[ABSTRACT.] 

At  the  Montreal  meeting,  I  described  to  the  members  of  section  E  the 
occurrence  In  vast  numbers  of  microscopic  spores  in  the  shales  of  Devo- 
nian age  in  Ohio  and  acQacent  states.  I  have  recently  obtained  a  new  line 
of  facts  in  regard  to  these  interesting  bodies,  in  the  discovery  of  the  aporo- 
carps  or  the  vessels  that  contained  these  spores. 

In  1868,  Sir  Wm.  Logan  noted  the  occurrence  of  certain  fossils  which 
he  characterized  as  "microscopic,  orbicular"  bodies  in  the  Upper  Erlan 
shales  of  Kettle  Point,  Lalce  Huron,  but  he  made  no  further  reference  to 
their  occurrence  for  a  number  of  years.  In  1869,  he  called  the  attention  of 
Principal  (Sir  J.  William)  Dawson  to  these  bodies,  and  the  latter  afterward 
described  them  in  his  report  on  the  Erlan  flora  of  Canada  (Geol.  Surv. 
of  Can.,  1871)  under  the  name  of  Sparangites  Suronensia.  He  counted 
them  the  spores  of  acrogenous  plants  and  presumably  of  Lepidodendron 
primcBvttm,  the  remains  of  which  he  found  In  the  same  beds. 

In  the  April  number  of  the  Amer.  Journal  of  Science  for  the  same  year, 
Principal  Dawson  called  further  attention  to  these  forms,  noting  their 
resemblance  to  certain  fossils  from  Brazil  described  by  Carruthers  as  Flem- 
ingiteSf  and  also  to  fossils  from  the  white  coal  of  Australia, 

These  shale  fossils  had  been  meanwhile  rediscovered  and  studied  else- 
where, viz.,  as  they  occurred  in  the  bowlder  clay  underlying  Lake  Michi- 
gan where  the  tunnel  for  the  water  supply  of  Chicago  was  driven.  Dr.  H. 
A.  Johnson  and  B.  W.  Thomas,  Esq.,  studied  them,  figured  them,  and  sent 
them  to  distinguished  mlcroscoplsts  of  this  country  and  Europe  without 
however  obtaining  a  clew  to  their  real  nature.  The  occurrence  of  the 
spores  in  the  city  water  of  Chicago  was  also  noted  by  Mr.  Thomas. 

In  1879,  without  isnowledge  of  the  previous  discoveries,  I  found  these 
fossils  once  more,  In  the  drillings  of  a  deep  well,  800  to  1000  feet  below  the 
surface,  In  Kingsville,  Ohio.  I  made  no  advance  In  my  knowledge,  how- 
ever, for  two  years,  but  at  the  end  of  this  time,  I  came  upon  them  again 

(179) 


180  SECTION  B. 

and  learned  for  the  first  time  their  universal  distribution  through  the  entire 
shale  formation  of  Ohio,  Kentucky,  Indiana  and  Michigan.  Bj  corre- 
spondence with  Sir  Wm.  Dawson,  I  learned  of  his  priority  in  the  dlsc-overy 
and  interpretation  of  these  fossils.  I  adopted  his  name  of  course,  but 
the  facts  presented  in  my  paper  at  the  Montreal  meeting  led  him,  as  he 
says,  to  revise  his  conclusion  as  to  the  origin  of  the  spores  and  to  sus- 
pect their  derivation  Arom  some  group  of  aquatic  plants  lower  than  th^ 
Lycopods. 

Professors  H.  8.  Williams  and  J.  M.  Clarke  contributed  some  facts  as 
to  the  occurrence  of  these  bodies  In  the  shales*  of  New  York. 

The  next  step  in  advance  was  taken  in  1888  by  Sir  Wm.  Dawson.  He 
received  at  that  time  trom  Brazil,  through  Mr.  0.  A.  Derby,  specimens 
which  threw  new  light  on  the  whole  Investigation.  Sir  William  had  pre- 
viously received  Sporangites  fVom  that  country  in  collections  made  by  Pro- 
fessor Hart,  but  Mr.  Derby's  specimens  afforded  not  only  the  spores,  but 
the  envelopes  in  which  they  were  contained,  which  occurred  as  oval  sacs. 
These  sacs  were  found  by  Sir  William  to  resemble  very  closely  the  sporo- 
carps  of  JSiiltnnUi,  a  member  of  a  somewhat  insignificant  group  of  acro- 
gens,  known  as  rhizocarps.  The  name  Proto8alvinia  was  accordingly 
brought  In  to  displace  the  earlier  designation,  viz.,  8porangiU9  and  we  now 
have  five  forms  referred  to  the  new  genus.  The  original  form,  P.  Huron- 
ensis,  occurs  in  vast  numbers  throughout  the  entire  series  of  the  Ohio 
shales. 

In  April,  1888,  the  next  advance  was  made  In  our  knowledge  of  these 
forms  by  the  discovery  made  by  one  of  my  students,  C.  J.  Welch,  E.M., 
of  sporocarps  In  the  shale  series  of  Columbus,  Ohio.  The  first  found  were 
flattened,  circular  discs,  about  4  mm.  In  long  diameter,  composed  of  thick 
walled,  carbonized  cells,  beautlAilly  reticulated  in  structure ;  but,  presently, 
a  new  and  distinct  form,  elongated  and  fhrcated,  was  found  by  Mr.  Welch, 
which  has  been  named  by  Sir  Wm.  Dawson,  Sp<m>carpon  fureatum. 

Both  forms  are  found  In- great  abundance  In  certain  phases  of  the  shale 
formation  and  new  light  is  promised  by  them  as  to  the  rhlzocarpean  veg- 
etation from  which  they  are  derived. 

Newberry's  suggestion  that  we  owe  the  black  shales  to  a  Sargasso  sea 
was  a  ftmitfhl  one,  matching  the  facts  better  than  any  other  theory  of 
origin.  At  last,  we  see  the  kinds  of  vegetation  that  mantled  these  land- 
locked basins  of  the  early  days.  It  did  not  consist  of  alga,  but  belonged 
to  a  higher  division  of  the  vegetable  kingdom,  viz.,  the  rhizocarps.  It  is 
thus  seen  to  be  closely  allied  to  the  divisions  of  plants  that  were  covering 
the  land  at  this  time  with  a  wonderftal  growth  of  ferns,  Lycopods  and  Cal- 
amltes. 

The  vegetable  kingdom  is  divided  into  two  main  groups,  viz.,  Phaeno- 
gams  and  Cryptogams.  The  first  Is  by  far  the  more  important  at  the  pres- 
ent time.  To  which  do  we  owe  the  great  accumulations  of  the  stored  sun- 
power  of  the  past  as  found  in  coal?  To  the  latter  division.  But  the 
Cryptogams  are  broken  up  into  three  main  series,  viz.,  Acrogens,  Anogens 
and  Thallogens.    To  which  of  these  is  the  work  of  coal  accumulation  due? 


OBOLOGT  AND  OEOGBAPHT.  181 

Mainly,  to  the  Acrogens.  The  latter  are  sabdi^lded  into  the  following 
families :  Lycopoda^  FemSf  Scouring-rtuhes  and  Bhizocarpa.  From  which 
of  these  is  the  coal  flora  derived?    Mainly,  from  the  first  three. 

There  is  left  a  single  division  that  lacks  prominence  at  the  present  time, 
but  which  we  are  now  following  baclc  to  a  widespread  development  and 
to  a  most  important  service.  The  highest  office  of  the  vegetable  Iting- 
dom  consists  In  its  storing  np  the  power  of  the  snn.  The  two  permanent 
forms  of  stored  snn-power  are  coal  and  petroleum.  Both  of  them,  we 
owe  to  acrogens,  coal  to  the  terrestrial,  and  petroleum  to  the  marine  rep- 
resentatives of  the  class.  The  shale  series  which  we  have  been  consid- 
ering is  as  unmistakably  the  great  source  of  the  accumulations  of  oil  and 
gas  in  Pennsylvania  and  New  Tork  as  the  carboniferous  formation  is  the 
main  source  of  coal. 


The  new  horizons  of  oil  and  oas  in  the  Mississippi  valley.      By 
Prof.  Edward  Orton,  Columbus,  Ohio. 

[ABSTRAOT.] 

In  the  epidemic  of  drilling  deep  wells  that  has  swept  through  the  states  of 
the  Ohio  valley  during  the  last  five  years,  a  vast  store  of  Aicts  of  great 
geological  importance  has  been  brought  to  light  and  some  of  them  are 
also  immensely  important  on  the  economic  side.  In  all  this  work  it  is  the 
unexpected  which  has  happened. 

Four  or  five  horizons  from  which  oil  and  gas  are  derived  on  a  large  scale 
have  been  added  to  those  already  known. 

1.  The  first  in  value  Is  the  Trenton  limestone.  This  is  at  the  present 
time  the  most  prolific  single  source  of  bituminous  products  in  the  entire 
country.  Wells  reaching  down  to  it  yield  a  maximum  of  thirty  million  cubic 
feet  of  gas  per  day  and  maintain  their  flow  for  months  and  years  without 
unusual  reduction.  Wells  also  are  found  in  it  that  produce  5000  barrels  of 
oil  in  a  day  and  that  keep  up  their  flow  until  totals  of  more  than  100,000 
barrels  are  credited  to  single  wells.  The  largest  connected  gas  territory 
in  the  world  derives  its  supplies  from  this  horizon.  The  structure  of  the 
new  flelds  is  so  simple  and  easily  read  that  important  light  is  being  thrown 
upon  the  problem  of  gas  and  oil  accumulation  everywhere  from  the  facts 
that  obtain  here. 

The  porosity  of  the  rocks,  upon  which  its  storage  capacity  depends,  is 
due  to  a  dolomitization  of  6  to  60  feet  of  the  uppermost  beds  of  the  stra- 
tum. To  the  imperfect  interlocking  of  the  dolomitic  crystals,  the  storage 
chambers  of  the  gas  and  oil  are  due.  The  areas  in  which  this  replace- 
ment has  taken  place  can  be  pointed  out.     Most  of  the  territory  is,  of 
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coarse,  occQpled  by  salt  water,  but  in  the  domes  or  terraces  where  relief 
is  furnished,  the  bituminous  products  are  gathered. 

In  production,  every  foot  of  relief  in  the  storage  rock  proves  eifectlve. 
The  spirit  level  gives,  in  most  instances,  a  good  explanation  of  the  behav- 
ior of  different  wells. 

The  depth  of  the  reservoir  Is  found  to  be  a  fhnction  of  the  rock-pres- 
sure of  the  gas  or  oil.  All  the  facts  seem  to  show  that  this  rock-pressure 
has  an  artesian  origin,  taking  its  rise  in  the  salt-water  that  lies  behind 
and  below  it.  The  latter  element  is  thus  seen  to  be  an  essential  one  in 
every  region  of  high-pressure  gas. 

As  to  the  present  production  of  the  Trenton  limestone  it  is  only  neces- 
sary to  say  that  many  hundred  million  cubic  feet  of  gas  are  surging  forth 
every  day  throughout  no  less  than  8000  square  miles  of  territory  In  Ohio 
and  Indiana.  Upon  this  enormous  production  of  light  and  heat  and  power, 
a  vast  manufacturing  interest  Is  being  rapidly  bulit  up,  which  is  certain 
to  work  revolutiouHiy  changes  In  many  Interests.  The  supplies  have  been 
wasted  In  a  most  extravagant  way,  but  they  will  last  long  enough  to  shift 
the  centres  of  manufactures  to  quite  an  extent. 

The  gas  is  piped  with  great  success  to  cities  forty  miles  distant  fW>m 
the  fields  while  the  oil  is  carried  as  far  as  Chicago  in  pipe  lines,  to  be- 
come the  basis  of  a  very  important  fuel-supply. 

The  production  of  oil  Is  repressed  as  far  as  possible  by  bringing  down 
the  price  to  fifteen  cents  per  barrel.  In  spite  of  this  effort,  20,000  or  more 
barrels  are  brought  to  the  surface  every  day,  and  a  price  of  thirty  cents 
per  barrel  would  bring  100,000  barrels  to  the  surface  every  twenty-four 
hours,  within  ninety  days. 

2.  The  well-known  stratum,  the  Clinton  limestone,  proves  to  be  a  gas 
and  oil  rock  of  considerable  value  in  Ohio  under  suitable  conditions  of  re- 
lief. The  most  important  gas  supply  of  the  Clinton  is  found  at  Lancaster. 
It  is  probably  to  this  horizon  that  the  Glasgow  production  of  southern 
Kentucky  Is  due. 

8.  The  Canada  oil  horizon  is  shown  by  the  sections  that  approach  it 
from  Ohio  and  in  Michigan,  to  be  In  no  way  connected  with  the  Cornifer- 
ous  limestone  as  has  heretofore  been  asserted,  but  It  is  burled  In  the 
great  series  of  Onondaga- Lower- Held erberg  age,  presuming  these  two 
formations,  viz.,  the  Onondaga  salt  group  and  the  Lower  Helderberg  lime- 
stones, to  be  of  one  and  the  same  age,  but  standing  for  different  condi- 
tions of  growth. 

4.  The  Ohio  shale  has  recently  been  found  to  be  a  source  of  high-pres- 
sure gas  In  western  Kentucky.  If  anything  could  be  counted  settled  as 
to  the  gas  production  of  a  particular  formation,  the  facts  as  to  the  Ohio 
shale  might  have  been  so  considered,  but  most  of  the  experience  of  the 
Ohio  field  in  regard  to  It  has  been  set  aside  by  the  fetcts  to  which  ref- 
erence is  here  made.  Owing  to  a  porosity  that  the  formation  has  ac- 
quired through  some  of  the  accidents  of  its  history,  it  becomes  In  Meade 
county,  Kentucky,  a  true  reservoir  rock,  Its  gas  pressure  being  deter- 
mined by  a  salt-water  column  as  in  all  other  true  reservoir  fields. 
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Thb  cretacrous  deposits  of  North  America.     By  Dr.  Charles  A. 
White  of  the  U.  S.  Qeologlcal  Survey. 

[AB8TRA0T.1 

This  paper  comprised  a  portion  of  work  upon  the  cretaceous  deposits 
of  North  America  which  Dr.  White  is  preparing  for  publication.  When 
completed  it  will  appear  as  a  Bulletin  of  the  United  States  Geological  Sur- 
vey and  it  is  therefore  only  briefly  noticed  in  this  volume. 
■  It  gave  an  outline  of  his  proposed  work  and,  by  way  of  illustrating  the 
method  of  its  execution,  the  paper  included  that  portion  of  the  work  which 
relates  to  the  cretaceous  deposits  of  the  Atlantic  coast  region.  The  im- 
mediate incentive  to  the  preparation  of  this  work  is  the  pressing  need  of  a 
revised  scheme  of  classification  of  the  geological  formations  of  this  con- 
tinent which  shall  receive  at  least  the  conventional  approval  of  all  leading 
geologists.  It  is,  however,  intended  that  the  work,  although  only  a  con- 
cise summary  of  what  is  now  known  of  this  subject,  shall  be  of  more  than 
temporary  use. 

For  convenient  treatment  of  his  subject  the  author  divides  the  continent 
geographically  into  regions  and  proviaces,  which  divisions  are  in  part  nat- 
ural and  in  part  arbitrary.  He  will  attempt  to  correlate  all  the  sections  of 
North  American  cretaceous  strata  that  have  been  published  by  different 
geologists  which  will  exhibit  the  synonymy  of  the  dUTerent  formations  and 
their  equivalents  which  have  thus  arisen. 


Ok  the  occurrence  of  the  "forest  bed*'  beneath  intra- morainic 
DRIFT.    By  Frank  Lbverett,  U.  S.  Geological  Survey,  Madison,  Wis. 

[ABSTRACT.] 

The  region  under  discussion  is  a  portion  of  northeastern  Illinois  which 
is  crossed  by  a  series  of  moraines  of  the  Lake  Michigan  glacier,  older  than 
the  moraines  described  by  Prof.  T.  C.  Chamberlin  in  the  Third  Annual 
Report  of  the  U.  S.  Geological  Survey  (though  recognized  and  indicated  in 
part  by  dotted  lines)  and  since  studied  by  the  writer  under  the  direction 
of  Professor  Chamberlin. 

The  **Forest  Bed"  exhibits  a  variety  of  phases :  peat,  muck,  soil,  wood, 
etc.  It  has  been  found  by  well-borings,  and  samples  of  these  borings  have 
been  examined  by  the  writer. 

1.  Geographic  Distribution.  There  are  three  main  belts :  O)  Near  Men- 
dota,  Illinois,  over  an  area  about  twenty-five  miles  In  length  and  two  to 
four  miles  in  width,  beneath  the  inner  slope  of  a  morainic  ridge,  at  a  depth 
of  sixty  to  one  hundred  and  forty  feet,  the  distance  A-om  the  surface  in- 
creasing with  the  elevation.     (2)  In  the  '*  Iroquois  artesian  well  district" 
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in  Iroqnols  and  portions  of  adjoining  counties  (Vermillion,  Champaign, 
Ford,  McLean  and  Livingstone),  over  a  known  area  of  at  least  five  hnn- 
dred  square  miles.  It  is  most  fk'equently  encountered  beneath  the  till 
plain  on  the  inner  slope  of  the  moraines  which  sweep  around  the  artesian 
well  district,  at  a  depth  of  sixty  to  one  hundred  and  ten  feet,  but  is  occa- 
sionally penetrated  beneath  moraines  In  Livingstone,  McLean  and  Ford 
counties  and  is  found  along  the  outer  border  and  slopes  of  moraines  in 
Vermillion  and  Champaign  counties.  (8)  In  McHenry  and  Kane  counties 
in  the  midst  of  a  series  of  morainic  ridges  at  depths  varying  from  sixty  to 
one  hundred  and  eighty  feet;  the  depth  increasing  wit^h  elevation. 

2.  Stratigraphic  Distribution,  It  occurs  both  as  an  interglacial  soil  be- 
tween  tills,  and  below  all  the  tills  as  If  preglacial.  Nowhere  have  more 
than  two  beds  been  penetrated  in  the  same  well  section  and  usually  but 
one  occurs. 

The  **Forest  Bed*'  is  known  to  be  in  situ :  (i;  By  a  leached  subsoil.  (2)  By 
underlying  sand  beds  containing  molluscan  shells.  The  subsoil  has  been 
found  in  the  Mendota  area  leached  to  a  depth  of  two  to  four  feet,  beneath 
which  there  is  a  calcareous  till.  The  fosslliferous  sands  occur  in  abun- 
dance in  the  Iroquois  area. 

We  have,  in  this  vegetal  bed,  evidence  of  an  interglacial  vegetation  hav- 
ing spread  farther  north  than  the  south  border  of  the  morainic  drift,  show- 
ing that  when  these  moraines  were  formed,  ttie  ice  sheet  had  made  an 
advance  and  that  the  moraines  cannot  be  considered  mere  halting  places 
in  the  retreat  of  the  ice  sheet. 


Rbgbnt  disgoybribs  of  rock-salt  in  Kansas.    By  Robert  Hay,  Assist- 
ant, U.  S.  Geological  Survey,  Junction  City,  Kansas. 

[ABSTRACT.] 

Thb  examination  of  salt  marshes  and  salt  springs  in  northern  middle 
Kansas  caused  Professor  Mudge,  more  than  twenty  years  ago,  to  suggest 
that  rock  salt  would  be  discovered  in  that  region.  Wells  and  borings  of 
considerable  depth  in  the  coal  measures  of  eastern  Kansas  and  of  the  so- 
called  Permo-carbonlferous  strata  have  yielded  abundant  streams  of  salt 
water.  The  discovery  of  roek  gas  in  the  eastern  counties  has  recently 
stimulated  speculative  drilling  in  all  parts  of  the  state.  The  prospector's 
drill  at  Ellsworth,  in  August,  1887,  struck  rock  salt  at  a  depth  of  seven 
hundred  and  thirty  feet.  Before  the  end  of  the  year  rock  salt  had  been 
pierced  by  the  drill  at  Kingman,  Hutchinson,  Lyons  and  Anthony.  A  pre- 
vious boring  had  shown  salt  shales  at  Caldwell.  The  beds  of  salt — there 
is  more  than  one  at  each  of  these  places — ^vary  from  twenty  to  one  hundred 
and  forty  feet  in  thickness  and  they  are  accompanied  by  and  intercalated 
with  beds  of  salty  shales,  and,  In  one  instance,  beds  of  limestone.     At 
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Anthony  and  Kingman  the  surface  rocks  and  all  the  way  down  to  the  salt 
the  strata  are  of  Trlasslc  age.  At  Hutchinson  these  are  overlain  by  one 
to  two  hundred  feet  of  the  alluvia  of  the  Arkansas  valley.  This  is  also- 
true  at  Sterling  where  salt  has  been  reached,  July,  1888.  At  Lyons  the 
red  beds  (Trias)  are  also  covered  with  alluvia  and  possibly  some  tertiary 
deposits.  At  Ellsworth,  the  Dacotah  formations  are  well  developed  and 
the  trlasslc  red  beds  that  were  there  had  never  before  been  suspected,  for' 
to  the  northeast  the  Dacotah  formations  rest  on  the  Permo-carbonlferous, 
yet  In  Kingman  and  Barber  counties  reduced  thicknesses  of  the  Dacotah> 
rest  on  eroded  red  beds.  But  at  Ellsworth,  the  salt  is,  as  elsewhere,  at 
the  bottom  of  the  red  beds.  In  the  region  where  the  Dacotah  is  in  contact 
with  the  Permian,  a  well  marked  gypslferous  horizon  is  found  among  the 
Upper  Permian  beds.  In  several  of  the  salt  borings  a  gypslferous  horizon 
is  found  ft*om  sixty  to  four  hundred  feet  below  the  lower  limit  of  salt  in 
Permian  strata. 

The  salt  rock  and  accompanying  sallferous  shales  form  a  aaltferous  ha^ 
rizon  fh>m  three  to  five  hundred  feet  thick,  passing  upward  Arom  the  Per- 
mian into  the  Trias,  apparently  without  break. 

At  the  close  of  the  Permian  age,  depression  of  the  northeastern  area  was* 
arrested  and  uplift  commenced  while  south  and  west  the  sinking  continued 
and  the  sallferous  horizon  and  red  beds  were  deposited  all  In  shallow  seas. 
The  northeastern  area  was  depressed  to  take,  on  its  eroded  surface  of  Per- 
mo-carboniferous  strata,  the  earliest  Dacotah  formations ;  and  the  southerns 
and  western  area  was  at  that  time  elevated  and  eroded,  becoming  again 
depressed  in  time  to  extend  the  Dacotah  area  in  that  direction  In  some  of 
its  upper  beds,  including  the  lignite.  The  axis  of  oscillation  has  not  yet 
been  made  out  about  which  these  movements  turned,  but  it  would  seem 
that  here  we  have  unbroken  succession  f^om  the  Upper  Carboniferous  to- 
the  Dacotah  on  neighboring  areas,  through  the  sallferous  and  trlasslc 
rocks. 

In  Barber  county  and  to  the  west  and  south  in  the  Indian  Territory  Is 
another  gypslferous  horizon  In  the  Upper  Triassic  strata.  It  is  not  im- 
possible that  the  salt  plains  of  the  Cimarron  and  the  salt  pool  In  Meade 
county  may  be  indications  of  another  sallferous  horizon  above  this. 

Kansas  is  going  into  the  manufacture  of  salt  on  a  large  scale.  At  King- 
man a  shaft  is  being  sunk  to  mine  the  salt.  At  Ellsworth,  Lyons,  Anthony 
and  Sterling  works  are  in  progress  of  which  the  output  will  varyft'om  one 
hundred  and  fifty  to  four  hundred  barrels  per  day.  Hutchinson  has  already 
salt  blocks  in  operation  whose  output  reaches  1500  barrels  per  day,  and 
others  in  progress  which  will  treble  that  quantity.  It  is  expected,  within 
a  year  or  two  that  Kansas  salt  will  be  the  only  salt  sold  west  of  the  Mis* 
sissippi  river. 
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The  DI800YBRT  OF  FOSSIL  TRACKS  IN  THE  TRIASSIC  OF  YORK  CoUNTY,  Pa. 

By  Atrbus  Wannrr,  York,  Pa. 

[ABSTRACT.^] 

The  anther  of  this  paper  announced  that  he  had  recently  found  fossil 
tracks  and  plants,  probably  algae,  In  the  trlas  of  York  Co.,  Pa.  A  slab 
ftom  this  newly  discovered  locality  of  Mlamelchnites  was  sent,  by  Mr. 
Wanner,  to  the  National  Museum  in  January,  1888. 

Professor  Hitchcock  in  commentingfon  the  above  paper,  stated  that  he 
^had  seen  the  slab  in  the  National  Museum,  and  that  he  recognized  upon  it 
three  species  of  Dinosaurs,  belonging  to  the  genus  Anomoepus;  also  a 
probable  species  of  Anisopus ;  all  of  them  closely  related  to  species  of 
those  genera  long  known  in  Massachusetts.  These  impressions,  he  stated, 
had  not  been  seen  south  of  the  Delaware  river  in  New  Jersey  and  Penn- 
sylvania prior  to  their  recent  discovery  by  himself. 

He  also  added  that  he  had  a  large  amount  of  matter  concerning  foot* 
marks  in  his  possession,  mostly  descriptions  of  new  species  from  Con- 
necticut and  New  Jersey,  which  he  hoped  to  make  use  of  in  a  Revision  of 
Ichnology,  The  time  had  come  for  a  restatei<ient  of  the  facts  of  this  science, 
and  the  investigations  into  the  character  of  tracks  made  by  living  animals 
which  were  commenced  by  the  late  President  Edward  Hitchcock,  thirty 
years  since,  will  be  continued  by  his  son.  The  study  of  the  tracks  of  Crus- 
tacea was  entered  upon  in  January  and  February,  1888,  in  Florida.  It  was 
found  that  a  considerable  similarity  exists  between  the  amphipods  and 
isopods  and  such  genera  as  Acanthichnus,  Bifurcalipes,  HexapodichnuB  and 
Climaoodichnus  of  the  Ichnology  of  Massachusetts.  The  discovery  of 
Cheirotherium  from  Pennsylvania  was  announced  by  the  writer  in  1868. 
Additional  specimens  have  since  been  found  at  Milford,  N.  J.,  now  belong- 
ing to  Lafayette  College,  Easton,  Pa.,  which  show  a  front  foot  of  ornithic 
aspect.  There  seems  to  be  a  close  relation  between  this  supposed  Cheir- 
otherium and  the  Otozoum  of  New  England.  Other  specimens  supply 
needed  information  about  the  giant  Polemarehus, 


The  oil  fields  of  Colorado.    By  Prof.  J.  S.  Newbbrrt,  Columbia  Col- 
lege, New  York. 

[ABSTRACT.] 

The  only  oil  field  at  present  productive  in  Colorado  Is  In  the  valley  of 
the  Arkansas  about  Florence,  a  new  and  growing  town,  thirty  miles  above 
Pueblo.  The  geology  of  this  region  Is  all  Cretaceous.  The  table-lands 
bordering  the  Arkansas  valley  are  composed  of  the  shales  and  sandstones 
of  the  Laramie  group  which  contain  valuable  seams  of  coal  now  largely 
mined  at  Coal  Creek  near  Florence  for  the  supply  of  Pueblo,  Denver  and 
the  Prairie  country  toward  the  east. 

The  Arkansas  river  cuts  through  the  Laramie  exposing  the  top  of  the 

>  The  paper  will  be  printed  in  the  Beport  of  the  State  Geologist  of  Pennsylvania. 
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Colorado  gronp ;  here  for  the  most  part  dark  bltnminons  shales  which  have 
been  proved,  by  boring,  to  be  over  8000  feet  in  thickness.  The  oil  em- 
anates ft'om  the  depth  of  from  1200  to  1500  feet  from  the  sarflice.  About 
forty  wells  have  been  bored  within  a  radius  of  two  or  three  miles  about 
Florence.  Nearly  all  have  yielded  oil,  but  in  very  diiferent  quantity ;  from 
two  or  three  up  to  one  hundred  and  twenty  barrels  per  day.  Fourteen 
wells  are  now  being  pumped  and  the  average  product  is  about  sixty  bar- 
rels to  the  well ;  so  that  the  present  aggregate  yield  of  the  wells  is  about 
one  thousand  barrels  per  day. 

The  oil  is  of  very  excellent  quality,  light  green  in  color,  having  a  grav- 
ity of  about  81%  Beaum^  and  has  rather  an  agreeable  odor.  When  dis- 
tilled it  yields  40%  of  burning  fluid  and  nearly  60%  of  lubricating  oil.  The 
burning  fluid  is  *'  water  white  "  and  has  almost  nothing  of  the  pungent 
odor  which  characterizes  our  Eastern  kerosene.  The  lubricating  oil  is  of 
better  quality  than  that  ftirnished  by  the  Pennsylvania  wells.  It  contains 
so  large  an  amount  of  parafflne  that  it  becomes  pasty  at  zero  temperature. 
This  is  a  slight  objection  to  its  use  in  the  natural  state,  but  is  a  fault  which 
can  be  easily  corrected  whenever  the  weather  becomes  cold  enough  to 
make  it  necessary. 

The  origin  of  the  oil  can  hardly  be  a  matter  of  doubt.  It  is  produced  by 
the  spontaneous  distillation  of  carbonaceous  shales  as  is  the  oil  of  west- 
ern Pennsylvania,  though  the  geological  ages  are  very  different.  All  the 
productive  tbriitory  in  the  Arkansas  oil  field  is  controlled  by  a  syndicate 
called  the  Union  Oil  Company.  It  owns  the  land  or  oil  right  over  more 
than  fifty  thousand  acres  and  could  apparently  Increase  the  production  of 
oil  to  any  desired  extent.  Now  the  burning  fiuid  supplies  the  markets  of  all 
the  Rocky  Mountain  region  firom  Montana  to  Mexico,  but  the  sale  of  the 
lubricating  oil  is  prevented  by  artificial  competition.  Many  thousand  bar- 
rels are  stored  and  it  will  ultimately  find  an  outlet  by  way  of  the  Galf  of 
Mexico  if  other  channels  are  closed  to  it.  At  present  it  is  only  used  for 
fuel  under  the  stills  and  the  boilers  of  the  pumping  engines.  It  is  blown 
into  the  furnaces  with  a  Jet  of  steam  and  is  a  model  fuel,  but  its  consump- 
tion in  this  manner  is  a  great  sacrifice  as  it  is  intrinsically  much  the  most 
valuable  product  of  the  wells. 


Thk  aob  and  corrblation  of  thb  mesozoio  rocks  of  thr  Seroipb-. 
Alaq^as  basin  of  Brazil.  By  Prof.  John  C.  Brannbr,  State  Geol- 
ogist of  Arkansas,  Little  Rock,  Ark. 

[abstract.] 

In  his  '^Contributions  to  the  Paleontology  of  Brazil,"  Dr.  C.  A.  White 
describes  the  mesozolc  fossils  collected  by  the  author  In  the  Sergipe-Ala- 
g6as  baAln  of  Brazil.  Upon  the  evidence  offered  by  these  fossils  Dr.  White 
refers  the  Sergipe  beds  to  the  Cretaceous.    He  admits,  however,  that  some 
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of  the  species  have  a  Jarasslo  aspect,  though  none  of  them  are  identi- 
fiable with  known  Jurassic  species.  Professor  Alphens  Hyatt  was  also 
stractc  by  the  Jarassic  aspect  of  some  of  the  cephalopods  brought  from 
this  region  by  Professor  Hartt  in  1869.  The  author  calls  attention  to  the 
fact  that  of  three  beds  yielding  fossils,  and  firom  which  collections  were 
most  complete,  one  of  them  lying  at  the  base  of  the  three,  yields  most  of 
the  fossils  of  Jurassic  aspect,  an  overlying  bed  yields  fossils  of  cretaceons 
aspect  alone,  while  the  uppermost  bed  again  yields  fossils  of  cretaceous 
and  Jurassic  aspect. 

In  referring  the  beds  of  this  basin  to  the  Cretaceons  Dr.  White  says  that 
while  such  a  conclusion  would,  he  thinks,  have  been  reached  Arom  a  study 
of  the  fossils  alone,  much  reliance  has  been  placed  on  the  corroboratlTe 
testimony  of  the  geologists  of  the  Brazilian  Survey.  We  have  no  strati- 
graphic  evidence  whatever,  throwing  light  upon  the  age  of  these  beds. 
The  overlying  deposits  have  been  referred  to  the  Tertiary  simply  because 
they  do  overlie  these  deposits  which  have  been  referred  to  the  Cretaceous. 
Underlying  beds  have  been  referred  to  the  Paleozoic,  but  without  any 
paleontologic  evidence. 


The  age  or  the  ortstaluke  rocks  of  Arkansas.    By  Prof.  John  Bran- 
neb,  State  (veologlst  of  Arkansas,  Little  Rock,  Ark. 

[ABSTRACT.] 

Geological  maps  of  the  United  States  represent  a  small  area  about 
Little  Rock,  Arkansas,  and  another  small  area  in  the  southwestern  part  of 
the  state  as  ArchsBan.  A  recent  examination  of  the  crystalline  rocks  of 
these  and  other  similar  regions  In  Arkansas  shows  that  none  of  these  rocks 
are  Archiean.  They  have  all  been  injected  into  paleozoic  strata^  and  have 
branching  dykes  penetrating  overlying  beds  from  the  principal  masses.  The 
exact  age  of  these  crystalline  rocks  has  not  been  determined,  for  the  pal- 
eozoic beds  into  which  they  were  injected  have  been  so  completely  meta- 
morphosed that  they  retain  no  paleontologic  evidence  of  their  age.  On 
account  of  their  stratigraphic  relations  I  am  inclined  to  refer  most  of  these 
sedimentary  and  metamorphic  rocks  to  the  Lower  Carboniferous. 


The  peridotitbs  or  Pike  County,  Arkansas.    By  Prof.  John  C.  Bran- 
NBR,  and  R.  N.  Brackett,  Little  Rock,  Ark. 

[abstract.] 

Dr.  Owen  in  the  second  volume  of  his  Geological  Reports  on  Arkan* 
sas  mentions  a  small  area  of  igneous  rock  in  Pike  county.  Geological 
map-makers  appear  to  have  referred  this  rock  to  the  Archaean.    Recent 
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examinations  of  the  rock  and  the  locality  by  the  senior  author  show  It  to 
have  been  injected  and  through  lower  cretaceous  beds.  Its  mineral  com- 
position and  structure  show  it  to  belong  to  the  new  type  of  perldotites, 
picrite  porphyry,  or  klmberllte  of  H.  C.  Lewis.  This  is  the  third  occur- 
rence of  this  rock  reported  in  the  United  States,  the  first  having  been  that 
of  Elliott  county,  Kentucky,  described  by  Mr.  DiUer;  the  second  that  of 
Syracuse,  New  York,  described  by  Dr.  G.  H.  Williams.  It  differs  some- 
what firom  the  rocks  of  either  of  the  other  localities.  It  contains  no  en- 
statlte  like  the  Kentucky  rock,  its  pyroxenlc  constituent  being  aoglte.  It 
contains  no  ilmenite,  but  has  perofskite  in  great  abundance.  It  has  less 
Aresh  olivine  than  that  flrom  Kentucky.  There  is  a  total  absence  of  rhom- 
bic pyroxene. 


The  DISTRIBUTION  OF  THE  GRANITES  OF  THE  NORTHWESTERN  StaTKS  AND 

THEIR  GENERAL  LiTHOLOGic  CHARACTERS.    By  Prof.  C.  W.  Hall,  Uni- 
versity of  Minnesota,  Minneapolis,  Minn. 

[ABSTRACT.] 

The  paper  mentions  the  following  as  the  sltaation  of  the  granites  oc- 
curring in  Michigan,  Wisconsin,  Minnesota  and  Dakota:  in  Michigan  fre- 
quently throughout  the  Marquette  and  Menominee  iron-bearing  districts; 
in  Wisconsin  in  various  localities  within  the  so-called  Laurentian  area  of 
that  state,  an  area  which  comprises  much  of  the  northern  central  portion 
with  a  few  outliers  in  the  Haronian  and  Keweenawan  areas ;  In  Minnesota 
(1)  In  several  belts  along  the  Canadian  boundary  projecting  southwesterly 
into  the  state;  (2)  quite  prominent  masses,  whether  connected  with  those 
along  the  boundary  or  not,  around  Vermillion,  Snowbank  and  other  lakes; 
(8)  the  great  Mesabi;  (4)  the  exposures  of  central  Minnesota  in  Stearns, 
Sherburne,  Benton,  Morrison  and  Mille  Lacs  counties;  in  Dakota  in  the 
southerly  and  southwesterly  portions  of  the  Black  Hills. 

These  granites  are  either  intrusives  or  granitic  veinstones.  The  vein- 
stones constitute  a  very  Insignlflcant  part  of  these  rocks  unless  it  be  in 
the  Black  Hills  where,  as  Crosby  has  recently  pointed  out,  there  are  vast 
quantities  of  this  material.  In  Minnesota  and  Wisconsin  granitic  veins 
seldom  exceed  a  few  feet  in  width. 

The  intrusives  which  make  up  the  remainder  of  this  great  class  of  rocks 
have  as  a  group  the  following  general  characters : 

(1)  A  coarseness  of  texture  when  the  Concord  or  the  Barre  granite  of 
New  England  is  taken  as  a  type.  This  frequently  passes  into  a  porphyrltic 
structure. 

(2)  An  excessive  proportion  of  the  feldspars  in  their  composition; 
orthoclase,  mlcrocllne  and  a  plagioclastic  feldspar,  sometimes  oUgoclase 
and  sometimes  labradorite,  are  always  present. 
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(8)  The  presence  of  qaartz  in  two  modiflcatlons :  (a)  In  segre^^ated  areas 
composed  of  very  large  individuals  and  (6)  in  streams  and  clnsters  of  mi- 
nute granules  sometimes  forming  a  cement  between  the  qaartz,  feldspar 
and  other  constituents  and  sometimes  saturating  these  minerals  as  a  sec- 
ondary prodact. 

(4)  The  almost  nniversal  presence  of  hornblende  as  one  of  the  basic 
constituents  and  from  which  the  blotite  is  shown  in  many  instances  to  be 
derived. 

(6)  The  presence  of  a  pyrozenic  constituent,  angite  or  diallage,  in 
many  of  the  ft'esher  granites  situated  as  a  core  within  the  hornblende  areas 
and  concluded  to  be  the  source  of  the  hornblende  which  mineral  is  doubt- 
less wholly  secondary. 

So  far  as  the  question  of  age  can  enter  into  the  discussion  of  the  paper 
it  is  the  writer's  opinion  that  being  intrusive  the  granites  have  been  in- 
traded  at  various  times  between  the  formation  of  the  Laurentlan  floor  of 
the  continent  and  the  close  of  the  agnotozolc  era.  They  as  a  rock  species 
may  be  regarded  as  the  product  of  one  of  the  three  or  four  grand  periods 
of  eruptive  activity  which  the  intrusive  rocks  of  the  northwestern  states 
represent. 


On  thb  iNTBNsrrr  of  barthquakbs,  with  approximatb  calculatioks 

OF  THE  KNKRGT  INVOLVBD.      By  Prof.   T.   C.   MSNDBKHALL,    Of  ROSO 

Polytechnic  Institute,  Terre  Haute,  Ind. 

As  an  exact  science,  seismology  Is  in  its  infancy.  Although  great  prog- 
ress has  been  made  during  the  past  ten  years,  and  especially  in  the  devel- 
opment of  instruments  and  methods  for  a  more  precise  study  of  seismic 
phenomena,  the  results  thus  far  have  served  rather  to  reveal  the  compli- 
cated nature  of  the  problems  Involved ;  and  while  encouraging  the  seismol- 
ogist to  renewed  effort  they  warn  him  that  his  labors  are  not  to  be  light. 
The  recent  advances  of  the  science  have  been,  and  properly,  toward  the 
study  of  the  phenomena  at  hand,  the  nature  and  extent  of  the  motion  of 
the  earth  particle  together  with  the  rate  at  which  the  disturbance  is  prop- 
agated, in  the  expectation  and  hope  that  in  time  the  location  and  character 
of  the  original  cause  may  be  revealed  through  these. 

In  the  early  growth  of  an  exact  science  one  of  the  obstacles  met  with 
is  the  absence  of  an  exact  nomenclature,  and  seismology  fUmishes  no 
exception  to  this  sule.  Whenever  It  becomes  desirable  or  necessary  to  in- 
corporate the  meaning  of  a  word  In  a  mathematical  expression  It  is  imper- 
ative that  the  necessary  restrictions  be  placed  upon  its  use.  It  has  long 
been  customary  to  speak  of  the  intensity  of  an  earthquake  without  any 
special  effort  to  give  the  word  an  exact  meaning.  Generally  it  is  ap- 
plied to  the  destructiveness  of  the  disturbance  on  the  earth's  surface,  and 
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sometimes  to  the  magnitude  of  the  sabterranean  caase  of  the  same.  But 
modem  seismology  proposes  to  measure  the  intensity  of  an  earthquake 
and  to  express  its  value  numerically.  It  is  worth  while,  therefore,  to  in- 
quire in  what  sense  the  term  may  be  used  with  precision  and  what  may  be 
accepted  as  its  mathematical  equivalent.  Evidently  it  may  mean,  and  in 
fact  It  has  been  made  by  different  writers  to  mean,  the  measure  of  the  sur- 
face destruction ;  the  energy  per  unit  area  of  wave  front  of  a  single  earth- 
quake wave  ;  the  rate  at  which  energy  Is  transmitted  across  unit  of  area  of 
a  plane  parallel  to  the  wave  front ;  and  the  total  energy  expended  In  the 
production  of  the  original  disturbance.  The  use  of  well  constructed  seis- 
mographs has  furnished  us,  within  a  few  years,  a  good  deal  of  fairly  relia- 
ble Information  relating  to  certain  elements  of  earthquake  motion,  notably 
the  amplitude  and  period  of  vibration  and  the  velocity  of  transmission, 
by  means  of  which,  and  aided  by  a  few  not  very  violent  assumptions,  some 
of  the  above  quantities  may  be  calculated.  They  are  not  identical,  numer- 
ically or  otherwise,  and  It  Is  manifestly  Improper  to  apply  the  word  inten- 
sity to  all  of  them. 

An  earthquake  wave  Is  generally  assumed  to  be  the  result  of  an  harmonic 
Tlbratlon,  while  this  supposition  Is  not  strictly  correct,  It  Is  probably  not 
80  far  erroneous  as  to  materially  vitiate  the  results  which  follow. 
If  then, 

a  «>  maximum  displacement. 

(   s  periodic  time. 

Vi  Bs  maximum  velocity  of  particle. 

V  =»  velocity  of  wave  transmission. 

d  a  density  of  material  through  which  transmission  occurs. 
The  following  are  easily  obtained : 

Sira 

(1)  Maximum  velocity,  Vi  =  — ^' 

(2)  Maximum  acceleration,  Ii!.  =  t!^'. 

(8)  Energy  of  unit  volume  with  velocity,  Vi  «=  idvi*  =  — p — • 

(4)  Energy  of  wave  per  unit  area  of  wave- front  =  — ^ • 

.  (5)  Energy  per  second  across  unit  area  of  plane  parallel  to  wave-flront 
(rate  of  transmission)  =  «i!|^. 

It  Is  well  known  that  Mallet  and  others  of  the  earlier  seismologists  at- 
tempted to  find  a  mathematical  expression  which  should  represent  the 
so-called  **  intensity"  of  the  shock,  by  means  of  the  velocity  of  projection 
of  loose  bodies  as  determined  by  their  range,  and  also  through  the  dimen- 
sions of  bodies  which  would  be  overturned  by  the  shock.  The  maximum 
velocity  of  the  earth  might  be  ascertained  by  the  first  method  with  fair  ac- 
curacy ;  the  second  method  Is  nearly,  if  not  quite  worthless  In  practice, 
and  both  are  decidedly  Inferior  In  design  and  operation  to  the  modem  seis- 
mograph which  gives  the  principal  elements  of  the  motion  directly. 

In  a  paper  by  Professors  Milne  and  Gray,  Philosophical  Magazine,  Nov. 
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1881,  the  following  occurs :  *'The  intensity  of  a  shock  is  evidently  best  es- 
timated from  the  maximum  velocity  of  translation  produced  in  a  body  dur- 
ing an  eartbqualEe.  This  is  evidently  the  element  according  to  which 
the  destructive  power  is  to  be  measured,  it  being  proportional  to  the  max- 
imum kinetic  energy  of  the  bodies  on  the  earth's  surface  relative  to  tbat 
surface  during  the  shock."  Now  this  statement  is  inconsistent  with  that 
which  immediately  follows  and  with  their  mathematical  expression  which 
is 

T* 

equivalent  to  the  second  expression  given  above.  This  inconsistency  was 
doubtless  quickly  and  first  detected  by  the  authors  and  in  a  copy  of  the 
paper  received  flrom  them  I  find  interlinear  corrections  in  the  paragraph 
quoted  above  in  virtue  of  which  the  words  "  rate  of  change  of"  are  sub- 
stituted for  the  word  '*  maximum"  where  it  first  occurs,  and  **  accelera- 
tion" for  the  words  **  kinetic  energy,"  thus  bringing  it  into  agreemeut  with 
the  remainder  of  the  discussion,  and  at  the  same  time  unquestionably  bet- 
ter representing  the  opinion  of  the  authors,  who  in  all  subsequent  publi- 
cations have  used  the  maximum  acceleration  to  represent  the  Intensity  as 
shown  in  the  overturning,  shattering  and  projecting  power  of  the  shock. 

The  same  expression,  II*,  is  used  as  a  measure  of  intensity  by  Professor 

a 

Holden  in  his  paper  on  '^Earthquake  intensities  in  San  Francisco,"^  where 
he  defines  it  as  *'  intensity  of  shock  defined  mechanically  «=  destructive 
efl'ect  B=  the  maximum  acceleration  due  to  the  impulse."  He  asserts  that 
**  the  researches  of  the  Japanese  seismologists  have  abundantly  shown 
that  the  destruction  of  building,  etc.,  is  proportional  to  the  acceleration 
produced  by  the  earthquake  shock  itself,  in  a  mass  connected  with  the 
earth's  surface."  This  statement  is  hardly  Justifiable,  at  least  up  to  the 
present  time.  In  the  Report  of  the  British  Association  for  1885,  the  com* 
mittee  appointed  by  the  association  for  the  purpose  of  investigating  the 
earthquake  phenomena  of  Japan,  consisting  of  Messrs.  Etheridge,  Gray 
and  Milne,  describe  among  other  seismic  experiments  one  which  consisted 
in  determining  the  quantity  to  be  calculated  trom  an  earthquake  diagram 
which  would  give  a  measure  of  the  overturning  or  shattering  power  of  a 
disturbance.  The  result  of  this  Investigation  seemed  to  show  that  the 
acceleration,  which  by  calculation  tvom  the  dimensions  of  the  columns  was 
necessary  for  overturning,  was  somewhere  between  the  mean  acceleration, 

represented  by  1^  and  the  maximum  acceleration,  Ti-. 

The  actual  destruction  caused  by  an  earthquake  wave  is  undoubtedly  a 
function  of  many  variables,  but  it  seems  tolerably  certain  that  maximum 
acceleration  is  the  leading  factor  and  at  the  present  time  no  better  meas- 
ure can  be  found.  It  appears  to  me,  however,  that  it  Is  unwise  to  apply 
the  term  * 'intensity"  or  ''intensity  of  shock"  to  this  quantity,  which  might 
be  called  the  "destructiveness"  of  the  wave,  or  perhaps,  its  "destructivity" 
as  Indicating  a  little  more  clearly  the  power  to  destroy. 

1  Am.  Joum.  Solenee,  Vol.  xxxv,  page  427. 
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Datton  and  Hayden  in  their  ''abstract  of  the  results  of  the  Investigation 
of  the  Charleston  earthqnalce"  presented  to  the  National  Academy  of  Sci- 
ences on  April  19,  1887,  define  intensity  as  the  ''amount  of  energy  per  unit 
area  of  wave-flront,"  but  in  the  subsequent  discussion  use  it  almost  con- 
tinually as  a  measure  of  surfkce  destruction.  Upon  the  first  definition  they 
have  based  a  very  interesting  and  novel  method  for  determining  the  depth. 
of  the  focus ;  but  in  the  application  of  the  method  to  the  Charleston  earth- 
quake they  have  used  the  word  In  its  other  and  very  different  sense.  A 
reference  to  the  formulsB  given  above  will  show  that  one  of  these  quanti- 
ties is  inversely  as  the  square  of  the  distance  from  the  origin,  as  assumed 
by  them  in  the  development  of  their  method,  while  the  other,  used  in  its 
application,  is  not  so  proportional  and  this  must  be  admitted  to  be  fatal 
to  their  deductions. 

In  the  discussion  of  a  somewhat  analogous  case,  Lord  Rayleigh  says,' 
**  the  rate  at  which  energy  is  transmitted  across  unit  of  area  of  a  plane 
parallel  to  the  ft-ont  of  a  progressive  wave  may  be  regarded  as  the  me- 
chanical measure  of  the  intensity  of  the  radiation."  The  algebraic  ex- 
pression for  this  quantity,  as  shown  above,  is,  of  course,  similar  to  that 
of  the  quantity  last  considered,  differing  ftom  it  only  in  the  power  of  "f 
in  the  denominator.  Both  are  very  important  expressions ;  neither  is  very 
closely  related  to  "  surface  destruction"  and  the  latter  is  unquestionably  a 
suitable  measure  of  the  "  intensity  of  an  earthquake"  in  the  most  impor- 
tant sense. 

It  thus  appears  that  at  least  four  measures  for  earthquake  intensity  are 
and  have  been  in  use,  which  are  expressed  mathematically  in  terms  of  am- 
plitude, period,  velocity  of  transmission  and  density  of  medium  in  formu- 
lae (1)  (2)  (4)  (6)  above.  To  show  more  forcibly  the  necessity  for  placing 
some  restrictions  upon  the  use  of  the  word,  I  have  compared  the  *'inten- 
sities"  of  two  earthquakes,  using  each  of  the  four  expressions.  The  dis- 
turbances compared  are  those  of  May  6  and  May  11, 1884,  at  Tokyo,  Japan, 
the  observations  being  made  by  Professor  Milne.'  The  same  instrument, 
located  in  the  same  place,  was  used  in  both  and  the  interval  of  time  be- 
tween the  two  is  so  small  as  to  forbid  any  important  change  in  the  condi- 
tions. That  of  May  6  is  called  "  A"  and  that  of  May  11  "B."  The  results 
are  as  follows : 

B  (1)       (2)       (4)       (5) 

•J  —     i.l       1.7      .9         1.8 

fW)m  which  it  is  evident  that  much  depends  on  the  measure  of  intensity 
adopted. 

As  stated  in  the  beginning  of  this  paper,  the  more  recent  work  of  seis- 
mologists has  been  in  the  study  of  individual  disturbances  for  the  purpose 
of  determining  the  principal  elements  of  motion,  amplitude,  period,  di- 
rection and  speed  of  transmission.  In  this  study  much  has  been  learned. 
From  the  nature  of  the  case  we  are  almost  absolutely  restricted  to  an  In- 
vestigation of  surface  phenomena  and  we  are  soon  forced  to  admit  that 

1  Lord  Rayleigh,  Theory  of  Sound,  Vol.  ii,  page  18. 
*  Trans.  Seis.  Soo.  Japan,  Vol.  x,  page  S7. 

▲.   A.  A.   8.  VOL.  ZXXVn.  18 
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'What  goes  on  at  the  sprface  cannot  accarately  represent  what  is  going  on 
■below.    Among  other  reasons  for  this  conclusion  we  have  notably  the 
.greatly  varying  results  obtained  from  the  same  disturbance  at  points  com- 
jparatively  very  near  to  each  other.     The  amplitude  at  one  point  may  be 
two  or  three  times  that  at  another  a  few  hundred  feet  away  and  not  only 
.this  but  the  periodic  times  do  not  agree,  and  when  the  measure  of  maxl- 
imum  acceleration  is  applied  to  the  disturbance,  its  so-called  intensity  or 
destructiveness  will  vary  greatly  within  a  small  area.    As  a  matter  of  fact 
it  has  long  been  known  that  such  variations  in  destructive  power  do  oc- 
«cur  in  nearly  all  earthqualtes.    Not  only  do  the  above  elements  vary,  but 
the  speed  of  transmission,  when  once  the  surface  is  reached,  is  undoubt- 
'Cdly  not  constant,  although  we  have  no  reason  to  believe  that  it  is  not 
approximately  so  in  the  rocks  through  which  it  is,  in  the  main,  trans- 
mitted.   Most  of  these  irregularities  are  doubtless  due  to  the  non-elastic 
^character  of  the  materials  lying  near  the  surface  and  to  their  lack  of  ho- 
mogeneity.   In  spite  of  their  appearance  in  the  phenomena  of  the  surface 
it  is  difficult,  if  not  impossible,  to  believe  that  they  exist  in  the  rocks  below. 
It  is  more  reasonable  to  assume  that  during  an  earthquake  the  waves  of 
transmission  are,  in  the  main,  and  until  the  surface  is  reached,  somewhat 
regular  in  their  form  and  approximately  constant  in  certain  of  their  ele- 
.ments.    It  may  also  be  assumed  that  in  amplitude  and  periodic  time  the 
subterranean  wave,  although  doubtless  much  less  than  the  surface  wave, 
cannot  differ  from  it  enormously,  so  that  elements  of  motion  obtained  by 
seismometric  observations  upon  the  surface,  may  be  applied  within  cer- 
tain limits  to  the  investigation  of  the  energy  involved,  the  results  being 
considered  as  rough  approximations. 
On  these  assumptions  the  following  calculations  have  been  made : 
Let  A  be  the  area  of  a  portion  of  the  wave-flront  and  { a  length  measured 
at  right  angles  to  A,    Then  formula  (5)  above,  which  shows  the  energy 

per  second  across  unit  area,  multiplied  by-p  wfll  evidently  express  the  en- 
ergy required  to  generate  the  waves  existing  at  any  moment  in  the  volume 
lA.    That  is 

p     *  y 

»  2w*a*d  Al 


n 

2ir«a« 


•  m  (m  BB  mass  of  volume  lA) 


That  is  to  say,  the  work  consumed  in  generating  waves  of  harmonic  type 
is  the  same  as  would  be  required  to  give  the  maximum  velocity  to  the 
whole  mass  through  which  the  waves  extend.*  Sir  William  Thomson, 
who  was  probably  the  first  to  apply  this  principle,  in  his  calculation  of 
the  mechanicahvalae  of  a  cubic  mile  of  sunlight,  concludes  that  in  the 
case  of  a  complex  radiation  this  value  is  more  likely  to  reach  twice  that 
of  the  above  expression. 

>  Lord  Bayleifh,  Theory  of  Sound,  Vol.  n,  page  17.    Sir  William  Thomaon  on  "  The 
iFoisible  I>eD8il7  of  Ihe  LaminiArous  Mediiim.'* 
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Od  the  assumption  that  the  maximnm  velocity  of  the  particle  is  known 
we  may  now  apply  this  formula  to  the  calculation  of  the  energy  involved 
in  an  earthquake.  For  this  purpose  I  have  selected  first,  the  Japanese 
earthquake  of  January  15,  1887,  which  disturbed  over  thirty  thousand 
square  miles  of  territory  and  the  elements  of  which  were  well  recorded  on 
the  Tokyo  seismographs.  Assuming  a  mass  of  150  lbs.  per  cubic  foot  and 
taking  a  cubic  mile  as  the  volume  to  be  considered,  I  find  that  to  put  it  in 
vibration  required  the  expenditure  of  2,500,000,000  ft.  lbs.  of  energy,  and 
this  might  be  called  the  ^'mechanical  value  of  a  cubic  mile  of  earthquake." 
Assuming  that  an  area  of  one  hundred  miles  square  with  a  mean  depth  of 
one  mile  was  thus  in  vibration  at  any  one  instant  of  time,  which  Is  not  im- 
probable considering  the  known  rate  of  transmission  and  the  long  dura- 
tion of  the  earthquake,  the  amount  of  energy  thus  represented  would  be 
25  X  10*'  ft.  lbs.  This  energy  might  be  generated  by  the  fall,  under  the 
action  of  gravity,  of  a  cube  of  rock  one  thousand  feet  on  each  edge,  the 
mass  of  which  would  be  75,000,000  tons,  through  a  vertical  distance  of 
about  166  feet. 

It  would  be  interesting  to  apply  this  method  to  the  Charleston  earth- 
quake of  August  SI,  1886.  Unfortunately  no  seismographic  records  were 
made  and  the  elements  of  motion  are  largely  matters  of  conjecture.  Messrs. 
Dutton  and  Hayden  in  the  report  already  referred  to  express  the  opinion 
that  in  some  localities  the  displacement  must  have  been  as  much  as  ten 
inches  or  one  foot.  This  seems  to  me  improbable,  but  it  may  be  safe  to 
say  that  over  a  considerable  area  It  was  as  much  as  one  inch.  Nothing  is 
known  with  certainty  as  to  the  period  of  the  oscillations,  but  as  it  gener- 
ally increases  with  the  magnitude  of  the  disturbance  it  would  probably 
not  be  grossly  incorrect  to  call  it  two  seconds.  Assuming  these  magni- 
tudes I  find  the  energy  of  a  cubic  mile  of  the  Charleston  earthquake, 
taken  near  enough  to  the  eplcentrum  to  be  disturbed  as  above,  to  be  equal 
to  24,000,000,000  ft.  lbs.  The  speed  of  transmission  of  this  disturbance 
has  been  pretty  well  determined  by  Newcomb  and  Dutton,  to  be  approxi- 
mately three  miles  per  second,  so  that  a  cubic  mile  would  be  disturbed  in 
one-third  of  a  second.  To  do  this  would  require  180,000,000  horse  power. 
Assuming  as  before  that  an  area  about  the  epicentrnm  one  hundred  miles 
square  was  thus  disturbed  the  energy  involved  would  be  24  X  10*'  ft.  lbs., 
and  the  rate  of  its  expenditure  would  be  that  of  1,300,000,000,000  horse 
power. 

All  of  these  numbers  can  only  be  regarded  as  gross  approximations. 
They  probably  indicate  the  order  of  magnitudes  involved  and  may  be  use- 
tal  until  more  reliable  data  are  furnished. 
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An  anctent  channsl  of  thb  Ohio  at  Cincinnati.    By  Prof.  Joseph  F. 
James,  Agrlcultnral  College,  Maryland. 

[AB8TRA0T.] 

Cincinnati  Is  bnilt  upon  a  terrace  of  the  Ohio  river  as  have  also  been 
many  other  cities  of  the  western  states.  The  Ohio  is  one  of  the  streams 
which  has  cut  for  itself,  in  part  of  its  course,  a  new  channel.  Part  of  the 
old  bed  is  now  known  as  Mill  Creek,  a  small  stream  emptying  into  the 
Ohio  below  Cincinnati.  It  is  an  insignificant  stream,  occupying  a  chan- 
nel excavated  by  a  much  larger  river.  The  bed  of  the  ancient  river  is  of 
great  importance  to  Cincinnati,  inasmuch  as  by  its  means  many  railroads 
have  access  to  the  city.  Without  this  valley,  tunnels  or  inclined  planes 
would  have  been  necessary  to  enable  the  railroads  to  enter  the  city. 

The  surrounding  hills  are  of  the  solid  blue  limestone  of  Lower  Silurian 
age,  quarried  so  extensively  for  building  stone  and  for  lime.  The  hills 
were  once  continuous  across  the  river  to  the  mouth  of  the  Licking  from 
Price's  Hill,  but  the  Ohio  has  forced  a  passage  through  them.  The  edges 
of  Mill  Creek  valley  are  of  rock,  but  the  bottom  is  sand,  gravel  and  clay. 
Far  beneath  lies  the  bed  rock.  At  the  foot  of  George  street,  in  Cincinnati, 
the  drift  is  forty-eight  feet  thick ;  at  Cumminsville,  the  rock  is  sixty  feet  be- 
low low  water  in  the  Ohio.  In  another  case,  one  hundred  and  twenty  feet 
were  penetrated  before  bed  rock  was  reached.  At  Ivorydale,  ninety-eight 
feet  of  gravel  overlie  the  rock.  At  Hamilton,  twenty-five  miles  north  of 
Cincinnati,  the  gravel  is  two  hundred  and  fourteen  feet  thick.  Thus,  the 
rock  here  is  ninety-one  feet  below  low  water  in  the  Ohio  river,  so  that 
there  is  a  descent  in  the  rocky  bottom  of  Mill  Creek  from  Cincinnati  to 
Hamilton  below  the  ground,  while  at  the  surface  Hamilton  is  one  hundred 
and  twenty-three  feet  higher  than  Cincinnati. 

In  consequence  of  the  barrier  across  its  channel  at  Cincinnati,  the  Ohio 
once  followed  the  present  valley  of  Mill  Creek  north  to  Hamilton,  at 
which  point  it  was  Joined  by  the  Big  Miami.  Together  the  streams  flowed 
southwest  and  entered  the  present  channel  of  the  Ohio  at  Lawrenceburg. 

At  the  east  end  of  Cincinnati  is  the  wide  mouth  of  the  Little  Miami 
river.  For  a  distance  of  two  and  a  half  miles  no  rock  is  exposed  at  the 
surface,  though  the  whole  country  is  covered  by  huge  banks  of  drift  fifty  and 
one  hundred  feet  high.  Where  this  drift  now  is,  was  the  ancient  channel 
of  the  Ohio,  and  If  followed  up  this  channel  Is  found  to  unite  with  the 
western  arms  of  the  Ohio  north  of  Cincinnati  near  Ludlow  Grove.  To 
still  ftirther  prove  the  existence  of  this  ancient  channel  is  the  fact  of  the 
bed  rock  being  exposed  in  the  channel  of  the  Ohio  at  and  below  the  month 
of  Mill  Creek,  while  above  this  point  it  is  covered  by  sixty  feet  and  more 
of  gravel  and  sand. 

After  the  glacial  period  the  river  forced  its  way  over  or  through  the  bar- 
rier which  had  previously  existed  below  Mill  Creek  and  cut  anew  channel, 
the  present  one,  for  Itself.  It  found  its  previous  channel  choked  up  with 
debris  and  had  to  make  for  itself  anew  but  not  so  extensive  a  channel  as 
the  old  one. 


I 
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Notes  on  the  origin  ai^d  bistort  of  the  Great  Lakes  of  North 
America.  By  Prof.  J.  W.  Spencer,  University  of  Georsia,  Athens,  Ga. 

[abstract.] 

Discovery  of  the  ancient  course  of  the  St.  Lawrence  River. 

Previous  investigations  by  the  author  showed  that  there  was  a  former 
river  draining  the  Erie  basin  and  flowing  into  the  extreme  western  end 
of  Lake  Ontario,  and  thence  to  the  east  of  Oswego,  bat  no  fUrthei*  trace- 
able, as  the  lake  bottom  rose  to  the  northeast.  Upon  the  southern  side 
there  was  a  series  of  escarpments  (some  now  submerged)  with  vertical 
clifl]^  facing  the  old  channel.  By  recent  studies  of  the  elevated  beaches, 
it  is  demonstrated  that  the  disappearance  of  this  valley  is  due  to  subse- 
quent warpings  of  the  earth's  crust,  and  that  the  valley  of  the  St.  Law- 
rence was  one  with  that  of  Lake  Ontario.  Recent  discoveries  of  a  deep 
channel,  upon  the  northern  side  of  Lake  Ontario  (a  few  miles  east  of  To- 
ronto), and  of  the  absence  of  rocks  to  a  great  depth  under  the  drift,  far 
beneath  the  surface  of  Lake  Huron,  between  Lake  Ontario  and  the  Geor- 
gian bay, —  and  in  Arout  of  the  Niagara  escarpment,  between  these  lakes, — 
of  a  channel  in  Georgia  bay,  at  the  foot  of  the  escarpment,  and  of  the 
channel  across  Lake  Huron,  also  at  the  foot  of  a  high  submerged  escarp- 
ment, show  that  the  ancient  St.  Lawrence  during  a  period  of  high  conti- 
nental elevation  rose  in  Lake  Michigan,  flowed  across  Lake  Huron  and 
down  Georgian  bay  and  a  channel,  now  flUed  with  drift,  to  Lake  Ontario ; 
thence  by  the  present  St.  Lawrence  valley  to  the  sea— receiving  on  its 
way  the  ancient  drainage  of  the  Erie  basin  und  other  valleys. 

Origin  of  the  basins  of  the  Great  Lakes. 

The  two  questions  Involved  are  the  ** origin  of  the  valleys"  and  the 
''cause  of  their  being  closed  into  water  basins."  The  basins  of  Lakes 
Ontario  and  Huron  are  taken  for  consideration.  The  previous  paper,  upon 
the  course  of  the  ancient  St.  Lawrence,  shows  that  the  Huron  and  Ontario 
basins  are  sections  of  the  former  great  St.  Lawrence  valley,  which  was 
bounded,  especially  upon  the  southern  side,  by  high  and  precipitous  es- 
carpments, some  of  which  are  submerged.  Upon  Its  northern  side  there 
were  lesser  vertical  escarpments,  now  submerged,  with  walls  facing  the 
old  valley.  The  valley  was  excavated  when  the  continent  was  at  a  high 
altitude,  for  the  eastern  portion  stood  at  least  1,200  feet  higher  than  at 
present,  as  shown  by  the  channels  in  the  Lower  St.  Lawrence,  in  Hudson's 
straits  and  the  New  York  and  Chesapeake  bays.  The  valley  was  obstructed 
in  part  by  drift  and  in  part  by  a  north  and  northeastward  differential  ele- 
vation of  the  earth's  surface,  due  to  terrestrial  movements.  The  measur- 
able amount  of  warping  defied  Investigation  until  recently,  but  it  is  now 
measured  by  the  uplift  of  the  beaches  and  sea  cllfils.  Only  one  other  ex- 
planation of  the  origin  of  the  basins  need  be  considered  —  that  of  the 
"Erosion  by  Glaciers,"  (a)  because  the  lake  basins  occur  in  glaciated  re- 
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gions ;  (b)  glaciers  are  considered  (by  some)  to  erode ;  (c)  supposed  ne- 
cessity, as  the  terrestrial  warping  was  not  known. 

In  reply :  living  glaciers  abrade  bat  do  not  erode  hard  rocks,  and  both 
modern  and  extinct  glaciers  are  known  to  have  flowed  over  even  loose 
moraines  and  gravels.  Again,  even  although  glaciers  were  capable  of  great 
plowing  action,  they  did  not  afl'ect  the  lake  valleys,  as  the  glaciatlon  of 
the  surface  rocks  shows  the  movement  to  have  been  at  angles  (from 
15^  to  90°)  to  the  trend  of  the  vertical  escarpments  against  which  the 
movement  occurred.  Also  the  vertical  faces  of  the  escarpments  are  not 
smoothed  off  as  are  the  faces  of  the  Alpine  valleys,  down  which  the  gla- 
ciers have  passed.  Lastly,  the  warping  of  the  earth's  surface  in  the  lake 
region,  since  the  beach  episode,  after  the  deposit  of  the  drift  proper,  is 
nearly  enough  to  account  for  all  rocky  barriers  which  obstruct  the  old 
valley  and  form  lake  basins. 

Establishment  and  dismemberment  of  Lake  Warren, 

This  is  the  first  chapter  in  the  history  of  the  great  lakes  and  is  subse- 
quent to  the  deposit  of  the  upper  boulder  clay,  and  therefore  the  lakes  are 
all  very  new  in  point  of  geological  time.  By  the  warping  movements 
of  the  earth's  crust,  as  shown  in  the  beaches  —  after  the  deposit  of  the 
later  boulder  clay  —  the  lake  region  was  reduced  to  sea  level  and  there 
were  no  Canadian  highlands  northward  of  the  great  lakes.  During  the 
subsequent  elevations  of  the  continent,  beaches  were  made  around  the 
rising  islands.  Thus  between  Lakes  Erie,  Huron  and  Ontario,  a  true  beach 
was  formed  at  1690  feet  above  the  sea,  around  a  small  island  rising  30  feet 
higher.  With  the  rising  of  the  continent,  lake  (or  perhaps  gulf  of)  Warren 
—  a  name  given  to  the  sheet  of  water  covering  the  basin  of  all  the  great 
lakes — was  formed.  A  succession  of  beaches  of  this  lake  have  been  worked 
out  in  Canada,  and  from  Lake  Michigan  to  New  York,  extending  over 
many  hundreds  —  almost  thousands  — of  miles.  Everywhere  the  differen- 
tial uplift  has  increased  from  almost  zero,  about  the  western  end  of  the 
Erie  basin,  to  three,  five,  and,  in  the  higher  beaches,  more  feet  per  mile. 
With  the  successive  elevations  of  the  land  this  lake  became  dismem- 
bered, as  described  in  the  succeeding  papers  —  and  the  present  lakes  had 
their  birth.  The  idea  that  these  beaches  in  Ohio  and  Michigan  were  held 
In  by  glacial  dams  to  the  northward  is  disproven  by  the  occurrence  of 
open  water  and  beaches  to  the  north,  which  belong  to  the  same  series, 
and  by  the  fact  that  outlets  existed  where  glacial  dams  would  be  re- 
quired. 

Discovery  of  the  outlet  of  Huron- Michigan- Superior  Lake  into  Lake  Ontario, 

by  the  Trent  Valley. 

With  the  continental  elevation  described  in  the  last  paper^owing  to  the 
land  rising  more  rapidly  to  the  northeast — Lake  Warren  became  dismem- 
bered and  Huron,  Michigan  and  Superior  formed  one  lake;  the  Erie  basin 
was  lifted  out  of  the  bed  of  Lake  Warren  and  became  drained,  and  On- 
tario remained  a  lake  at  a  lower  level.    The  outlet  of  the  upper  lake  was 
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southeast  of  Greorgian  bay  by  way  of  the  Trent  valley  Into  Lake  Ontario, 
at  about  sixty  miles  west  of  the  present  outlet  of  this  lake.  The  outlet 
of  this  upper  lake  was  26  feet  deep  where  it  connected  with  the  Trent  val- 
ley, and  the  channel  was  from  one  to  two  miles  wide.  This,  for  a  few 
miles,  is  cut  across  a  drift  ridge  to  a  depth  of  600  feet.  With  the  con- 
tinued continental  uplift  to  the  northeast  (which  has  raised  the  old  beach 
at  the  outlet,  into  the  Trent  valley,  about  800  feet  above  the  present  sur- 
face of  Lake  Huron),  the  waters  were  backed  southward  and  overflowed 
into  the  Erie  basin,  thus  making  the  Erie  outlet  of  the  upper  lakes  to  be 
of  recent  date.  This  is  proven  by  the  fact  that  the  beach,  which  marked 
the  old  surface  plain  of  the  upper  great  lake,  descends  to  the  present  water 
level  at  the  southern  end  of  Lake  Huron. 

Erie  the  youngest  of  all  The  Ghreat  Lakes. 

The  Erie  basin  is  very  shallow,  and  upon  the  dismemberment  of  Lake 
Warren  was  drained  by  the  newly  constructed  Niagara  river  (except  per- 
haps a  small  lakelet  southeast  of  Long  point).  Subsequently  the  north- 
eastward warping  (very  much  less  in  amount  than  farther  northward  at 
the  Trent  outlet)  eventually  lifted  up  a  ix>cky  barrier  and  formed  Erie 
into  a  lake  in  recent  times,  thus  making  Erie  the  youngest  of  all  the  lakes. 
The  beaches  about  Cleveland  are  not  those  of  separated  Lake  Erie,  but 
belong  to  the  older  and  original  Lake  Warren. 

NoTB. — To  distinguish  Arom  the  modern,  the  ancient  valley  of  the  St. 
Lawrence,  above  described,  is  named  the  "  Laurentlan;"  the  ancient  river 
from  the  Erie  basin,  the  Erigan ;  the  Huron-Mlchlgan-Superlor  lake,  the 
Algonquin,  as  also  the  beach  which  marked  its  shores,  and  the  river  which 
discharged  its  waters  by  the  Trent  valley.  The  expanded,  but  separate, 
Lake  Ontario  Is  named  the  Iroquois,  as  also  its  principal  beach,  now  at 
116  feet  above  its  modern  surface,  at  the  extreme  western  end  of  the  lake, 
while  at  about  185  miles  northeastward  (near  Trenton)  its  elevation  is  435 
feet. 


Bbmarxs  on  an  undrscribkd  vkortable  organism  from  the  Fort  Un- 
ion GROUP  OF  Montana.  By  Prof.  Lkstbr  F.  Ward,  U.  S.  Geologi- 
cal Survey,  Washington,  D.  C. 

[abstract.] 

Tub  specimens  were  collected  in  1888  at'  two  points  forty  miles  apart 
and  on  opposite  sides  of  the  Yellowstone  in  the  vicinity  of  Glendlve,  Mon- 
tana. At  one  of  the  localities,  viz.,  Iron  Bluff,  twelve  miles  above  that 
town  and  on  the  right  bank  of  the  river  some  fifteen  meters  above  low  wa- 
ter mark,  it  occurs  in  a  red  burned  cliff  In  light  arenaceous  clay,  the  speci- 
mens being  very  large,  sometimes  measuring  thirty  centimeters  across. 
At  the  other  locality,  namely  Burns'  Ranch,  twenty-  eight  miles  below  Glen- 
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dlye  OD  the  left  bank  of  the  river  and  close  to  the  water's  edge,  the  specl- 
mens  are  smaller  and  more  perfect,  being  embedded  in  a  fine  grained  bluish 
clay  shale.  The  fossil  shows  a  large  circular  center  2-7cm.  in  diameter 
fk'om  which  tliere  proceed  in  radial  arrangement  in  all  directions  a  large 
number  of  single  flexible  stems  varying  in  length  and  having  a  width  of  2-3 
mm.  These  horizontal,  radiating  stems  are  sometimes  slightly  sinuous, 
lying  upon  and  often  crossing  one  another.  They  exhibit  for  most  of  their 
length,  beginning  near  their  attachment  to  the  center,  a  row  of  toothlike 
appendages  on  each  side,  which  are  about  ^mm.  in  width  at  the  base  and 
about  1mm.  apart,  obliquely  ovate  in  shape  with  obtuse  tips  and  always 
projecting  forward  toward  the  distal  end  of  the  stem  at  an  angle  of  50°. 
Close  examination  with  a  high  power  reveals  the  presence  of  a  continu- 
ous epidermal  membrane  composed  of  hexagonal  cells  connecting  these 
projections.  The  stems  are  uniform  in  width  and  not  marked  by  any  lon- 
gitudinal costa  until  within  some  Scm.  of  the  apex  when  they  expand  into 
an  elongated  elliptic  blade,  or  head,  terminating  the  stem.  Through  the 
center  of  each  of  these  heads  run  two  rows  of  what  appear  to  be  spore- 
cases,  one  on  each  side  of  the  median  line  and  separated  from  each  other 
by  a  very  narrow  interval  forming  a  continuous  groove  running  longitu- 
dinally through  the  head.  The  supposed  spore-cases  are  somewhat  elon- 
gated transversely,  and  arranged  in  pairs,  filling  most  of  the  surface  of 
the  head,  but  leaving  a  winged  expansion  at  the  central  or  widest  portion. 
They  average  Ijmm.  in  length  and  imm.  in  thickness.  Below  the  base 
of  the  head,  where  the  teeth  begin,  they  appear  to  cease,  but  in  most  cases 
a  careful  inspection  reveals  their  presence  in  an  obsolete  and  probably 
fhnctionless  form,  and  this  is  sometimes  distinguishable  for  considerable 
distance  down  the  stem  where  it  assumes  more  the  aspect  of  a  series  of 
articulations  widening  as  the  center  is  approached.  The  lateral  teeth  of 
the  stems  usually  cease  below  the  head,  but  cases  occur  in  which  they 
continue  for  some  distance  along  the  margins  of  the  expanded  lamina. 

Considerable,  but  not  as  yet  exhaustive,  search  has  been  made  through 
the  literature  of  paleontology  to  find  the  analogues  and  determine  the  affin- 
ities of  this  singular  organism,  as  yet  almost  entirely  without  success,  the 
forms  figured  under  the  names  Dlscophorites,  Gyrophyllites  and  TsBnidium, 
perhaps  having  the  greatest  resemblance,  but  not  close  enough  to  indi- 
cate any  relationship.  Specimens  have  been  shown  and  sent  to  a  number 
of  eminent  paleobotanists  and  paleontologists,  but  none,  so  fkr  as  heard 
Arom,  can  give  any  idea  of  Its  nature.  Its  vegetable  character  having 
been  questioned  it  has  also  been  shown  or  sent  to  the  best  authorities  on 
invertebrate  zoology  in  this  country  and  in  Europe.  Those  who  have 
thus  far  expressed  an  opinioxr  have  uniformly  denied  its  relation  to  any 
known  animal.  It  Is  remarkable  that  it  is  the  botanists  who  have  sug- 
gested its  possible  animal  nature,  the  zoologists  inclining  to  regard  it  as  a 
plant. 

Having  collected  and  long  studied  the  specimens,  superintended  their 
delineation,  and  compared  them  with  a  great  number  of  forms  both  fossil 
and  living,  I  maybe  permitted  to  advance  in  as  few  words  as  possible,  the 
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theory  which  I  proyislonally  hold  as  to  the  nature  of  this  organism,  as 
follows :  I  am  disposed  to  regard  it  as  a  '^comprehensive  type"  of  vas- 
cular cryptogamic  life,  embodying  some  of  the  characters  of  several  well 
known  living  types,  viz.,  1.  The  large  tafted  central  base  is  snggestlve 
of  that  of  most  species  of  Isoetes,  and  the  long  weak  stems  of  certain  of 
these  species  are  observed  to  recline  and  lie  prostrate  in  all  directions 
around  this  center.  3.  The  double  row  of  spore-cases  at  the  apex  of  the 
stem  agrees  in  all  essential  respects  with  that  of  Ophloglossnm,  and  the 
elliptic  expansion  may  be  regarded  as  homologues  of  the  larger  blade-like 
fk'onds  of  that  genus,  which  may  easily  be  imagined  to  have  the  spores 
borne  along  its  median  line  instead  of  on  a  special  frniting  f^ond.  8.  The 
prostrate  sinuous  habit  is  not  widely  unlike  that  of  certain  creeping  spe- 
cies of  Lycopodium,  as,  e.  g.,L.  annotinunit  and  the  toothlike  appendages 
may  be  the  reduced  homologues  of  the  scale-like  leaves  of  that  genus.  4. 
A  still  fhrther  approach  is  seen  in  Selaginella  where  the  scales  have  be- 
come distichous  and  the  stems  flat  and  closely  creeping.  This  parallel  Is 
well-nigh  complete  in  those  species,  such  as  8.  DougloHii,  in  which  the 
spores  are  borne  in  terminal  spikes,  like  those  of  most  Lycopodlums,  ex- 
cept that  these  are  more  or  less  flattened  and  two- ranked.  5.  finally.  Ig- 
noring the  appendicular  organs  of  Marsilia  we  see  in  the  Aruit-bearlng  por- 
tion a  fhrther  analogy  to  our  fossil,  the  faulting  stems  radiating  from  the 
thickened  base  and  bearing  the  spores  at  their  apex.^ 

The  fossil  would  thus  represent  a  highly  generalized  type  and  may  be 
phylogeneiically  related  to  all  these  more  specialized  modem  forms  with 
each  of  which  it  seems  to  possess  some  characters  in  common. 

The  paper  was  illustrated  by  lantern  views  of  the  original  fossils  and 
of  carefully  prepared  drawings. 


The  paleontologic  history  of  the  genus  Platanus.'  By  Prof.  Lester 
F.  Ward,  U.  S.  Geological  Survey,  Washington,  D.  C. 

[ABSTRACT.  J 

The  genus  Platanus  is  one  of  those  waning  types,  like  Ginkgo,  Sequoia, 
Liriodendron,  etc.,  of  which  so  much  has  been  said  of  late,  and  though  now 
constituting  an  entire  order  and  containing  only  seven  species,  it  is  evi- 
dently the  descendant  of  a  large  family  embracing  a  number  of  genera,  each 
with  a  fair  representation  of  specific  forms.  Twenty  extinct  species  of 
Platanus  are  now  recorded  from  Tertiary  and  Cretaceous  strata,  which 
are,  however,  in  most  cases  founded  on  the  impressions  of  leaves.    But  in 

1  Since  the  date  at  which  this  paper  was  read  communications  have  been  received 
fh>m  the  Marqnis  Saporta  and  from  Dr.  A.  G.  Nathorst,  both  of  whom  agree  that  the 
organism  is  probably  a  cryptogamic  plant  related  to  Ophloglossum. 

*  Published  in  Aill  in  the  Proceedings  of  the  United  States  National  Museum,  Wash- 
ington, 1888,  Vol.  XI,  pp.  89-43,  pis.  zvll-xzii. 
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addition  to  these  there  is  a  large  nnrober  of  aberrant  types  resembling  Pla- 
tanus  in  many  respects,  though  also  resembling  some  other  living  genera, 
which  have  been  variously  referred  to  Sassafras,  Aralia,  Liquidambar, 
Liriodendron  and  to  the  supposed  extinct  genera   Araliopsis,  Aspidio-  i 

phyllum,  Frotophyllnm  and  Credneria. 

The  object  of  this  paper  was  to  point  oat  the  probable  genetic  relation- 
ship among  all  these  extinct  types  and  to  show  that  they  are  the  probable 
ancestors  of  the  modem  genus  Flatanus.  Special  emphasis  was  laid  upon 
the  significance  of  the  basilar  lobes  of  the  form  described  by  the  author  as 
Platanus  basilobata  from  the  Fort  Union  group,  and  upon  the  connection 
between  this  and  similar  appendages  sometimes  found  on  leaves  of  P.  occi- 
dentalis,  and  of  certain  fossil  species  of  Flatanus,  Aralia,  and  Aspidiophyl- 
lum.  The  supposed  Sassafhis  leaves  of  the  Dakota  group  were  also  dis- 
cussed with  a  view  to  showing  that  they  are  also  archaic  plalanoid  types, 
and  it  was  argued  that  the  nervation  of  these  leaves  differs  in  some  fhnda- 
mental  respects  ft'om  that  of  the  leaves  of  the  only  living  species  of  that 
genus,  the  normal  form  of  which  was  shown  to  be  entire  and  not  trilobate, 
as  is  commonly  supposed. 

Finally,  It  was  contended  that,  inasmuch  as  flv^  of  the  seven  living  and 
a  large  preponderance  of  the  fossil  species  of  Flatanus,  as  well  as  most  of 
the  ancestral  forms  referred  to,  are  American,  and  as  the  type  is  found  in  ; 

this  country  In  very  much  older  strata  than  in  the  Old  World,  It  must  be 
conceded  that,  notwithstanding  the  historic  antiquity  of  the  oriental  plane 
tree  In  connection  with  the  early  development  of  the  human  race  in  Asia 
and  Europe,  nevertheles  it  is,  paleontologlcally,  an  American  tree,  and  had 
its  origin  in  this  country.  ^ 

This  paper  was  illustrated  by  lantern  views  of  fifteen  of  the  forms  se- 
lected to  exhibit  the  phylogenetlc  development  of  the  genus. 


BVIDENCE    THAT    LaKE    ChEYENNE    CONTINUED  TILL  THE  ICE  AGE.       By 

Frof.  J.  E.  Todd,  Tabor,  Iowa. 

[ABSTRACT.] 

This  paper  called  attention  to  several  facts  hitherto  unpublished  which 
indicate  that  eastern  Nebraska,  western  Iowa  and  southeast  Dakota  were 
occupied  by  a  fresh  water  lake  when  the  drift  first  began  to  be  deposited 
in  that  region.    The  facts  and  considerations  are  as  follows : 

1.  An  extensive  deposit  of  fine  sand  containing  a  few  fossil  bones,  over- 
Iain  in  some  places  by  a  lead-colored  clay  without  pebbles,  and  some  fos- 
siliferous  silt  resembling  loess,  is  found  occupying  much  of  the  region, 
especially  at  lower  levels.  Ten  localities  were  mentioned  where  these  for- 
mations have  been  observed,  the  more  notable  being  Fairview,  Dak.,  Mills 
Co.,  Iowa,  and  Lancaster  Co.,  Neb.    A  large  fossil  claw  of  some  gigantic 
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mammal'  was  shown  which  was  obtained  from  Mills  Co.,  Iowa,  in  the  sand 
below  the  drift. 

2.  The  occurrence  of  a  stratam  of  volcanic  ashes  in  such  position  as 
to  show  that  wide  areas  were  occupied  by  still  water,  Just  preceding  the 
deposition  of  the  drifts  in  some  parts  and  during  it  in  others.  The  local- 
ities described  and  pictured  were  in  Knox  Co.,  Neb.,  and  near  West  Point, 
Neb. 

8.  An  objection  which  may  be  urged,  from  the  depth  of  the  channel  of 
the  Missouri  in  this  region,  is  removed  by  several  f&cts  which  go  to  show 
that  said  channel  has  been  wholly  excavated  since  the  glacial  epoch. 

(a)  The  rock  under  the  present  bed  is  unglaciated  and  unoccupied  by 
drift  deposits,  as  has  been  recently  demonstrated  by  observations  made  in 
sinking  the  piers  of  bridges  at  Blair  and  Omaha. 

(6)  The  Missouri  is  still  deepening  its  trough  with  every  great  flood. 
This  has  been  determined  by  soundings  at  such  times. 

This  fresh  water  lake,  A*om  its  time  and  location,  may  be  quite  confidently 
considered  a  portion  of  the  great  body  of  water  which  occupied  the  west- 
ern plains  during  late  Tertiary  times,  and  which  was  named  by  King, 
Lake  Cheyenne. 


The  terraces  of  the  Missouri.    By  Prof.  J.  E.  Todd,  Tabor,  Iowa. 

[ABSTRACT.] 

This  paper  embodies  the  observations  of  the  writer  while  connected 
with  the  U.  S.  Geol.  Survey,  during  the  last  six  years.  They  extend  from 
the  41<>  to  the  4e^  of  latitude. 

The  terraces  are  found  to  be  readily  arranged  in  three  groups,  viz. :  The 
Silt  Terraces,  which  rise  from  5  to  175  feet  above  the  present  stream,  the 
Lower  Bouldery  terraces,  from  70  to  850  feet,  both  these  being  much  higher 
toward  the  north,  and  the  Higher  Bouldery  Terrace,  which  has  been  less 
definitely  and  extensively  traced,  rising  from  850  to  475  feet.  The  devel- 
opment, location  and  structure  of  the  different  terraces  were  discussed  in 
detail. 

All  decline  in  height  down  stream.  All  contain  coarse  material,  boul- 
ders and  gravel,  but  this  is  especially  prominent  in  the  bouldery  terraces, 
and  in  all  this  diminishes  in  amount  down  stream.  Even  the  bouldery  ter- 
races are  commonly  capped  with  silt  several  feet  in  depth. 

The  lower  silt  terraces  were  not  considered ;  the  highest  one  of  this 
class  was  observed  at  Pierre  to  be  160-125  feet  above  the  river;  near  Crow 
Creek  Agency,  150-110;  at  Chamberlain,  125;  ten  miles  above  Wheeler, 
85;  Wheeler,  105-85;  Fort  Randall,  80-45;  and  at  Niabrara,  about  25  feet 
above  the  river. 

>  Since  the  above  was  written  this  has  been  determined  by  Professor  Leidy  to  be  a 
claw  of  MegtUonyx. 
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The  lower  boaldery  terraces,  two  of  which  may  be  traced  above  Wheel- 
er, are  by  far  the  most  distinctly  marked  and  extensively  developed.  The 
upper  one  shades,  on  the  one  hand,  into  the  adjacent  upland  and,  on  the 
other,  gradually  subsides  into  the  lower  terrace  of  this  group.  This  Is 
especially  seen  above  the  Bijou  Hills  at  Le  Beau  and  about  Chamberlain. 
The  upper  seems  to  mark  about  the  surface  of  the  former  stream,  while 
the  lower  sometimes  corresponds  to  the  bottom  of  ancient  channels,  one 
of  the  more  remarkable  of  these,  for  example,  extending  southwest  firom 
American  Crow  Creek  past  Red  Lake  to  the  Missouri. 

From  the  vicinity  of  the  mouth  of  Pratt  Creek,  both  terraces  rapidly 
decline  down  stream  to  a  lower  level  which  is  reached  near  Yankton 
Agency,  where  they  seem  to  coalesce  and  from  that  point  they  are  indis- 
tinguishable. This  is  attended  with  a  widening  of  the  terrace  between 
Yankton  Agency  and  Choteau  Creek,  to  a  breadth  of  three  or  four  miles. 

The  following  table  sufficiently  shows  these  facts. 

Heights  on  the  lower  bouldery  terraces  above  the  river. 


LOCATION. 

LOWER. 

HIGHER. 

La  Grace 

240-250 

Le  Beau 

200 

300 

Mouth  of  Little  Cheyenne 

250-270 

Pierre 

275-325 

Crow  Creek  Agency 

200-250 

320 

Two  miles  above  Chamberlain 

325 

Five  miles  below  Chamberlain 

200 

800 

Little  above  Bijou  Uills 

100-176 

Near  mouth  of  Snake  Creek 

150 

380 

Near  mouth  of  Pratt  Creek 

90-126 

800-350 

Ten  miles  above  Wheeler 

200-250 

W  heeler 

136-175 

Yankton  Agency 

130r-240 

Niobrara 

200 

Yankton 

120-145 

Sioux  City 

115-150 

Blair 

90-110 

Bellevuc 

50-70 

Traces  of  this  terrace,  more  or  less  conspicuous,  are  found  on  most,  if 
not  all  tributaries  of  the  Missouri  outside  of  the  Second  or  Gary  Moraine. 
It  has  been  specially  noted,  by  the  writer,  along  White,  Niobrara,  James, 
Big  Sioux,  Elkhorn,  Little  Sioux,  Boyer  and  Platte  rivers.  One-half  to 
three-fourths  the  height  of  this  terrace  is  usually  composed  of  older 
rocks,  and  the  upper  portion  of  drift,  sometimes  stratified,  but  often  very 
closely  resembling  till,  with  10-15  feet  of  silt  usually  capping  the  whole. 
Boulders  are  often  abundant,  especially  in  the  vicinity  of  the  moraine,  and 
where  the  terrace  slopes  rapidly,  as  near  the  mouth  of  Pratt  Creek. 

The  higher  bouldery  terraces  are  least  perfectly  developed.    Their  age, 
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height  above  the  river,  and  the  probable  lacastrine  character  of  mach  of 
the  river  at  the  time  of  their  formation  accounts  for  this. 

There  seems  to  have  been  but  one,  except  near  the  Bijon  Hills.  Its 
height  above  the  river  does  not  vary  greatly  from  400  feet ;  and  at  the 
month  of  the  Niobrara  seems  to  become  continuous  with  the  upper  or 
western  limit  of  the  drift  in  Nebraska. 

A  comprehensive  view  of  the  data  given  leads  to  the  following  conclu- 
sions : 

1.  The  southward  sloping  of  the  terraces  does  not  demand,  though  It 
would  favor  the  idea  that  there  had  been  recent  northward  elevation. 

2.  The  abrupt  descent  of  the  lower  bouldery  terraces  below  the  Bijou 
Hills  indicates  that  the  Missouri  has  recently  cut  through  the  divide  be- 
tween the  White  and  Niobrara  rivers,  as  was  suggested  by  the  writer  in 
1884  (See  Proc.  A  A.  A.  S.,  1884). 

8.  Because  the  lower  bouldery  terrace  extends  up  the  James  river, 
Pratt  Creek,  Okobojo,  Little  Cheyenne,  etc.,  through  the  first  moraine  to 
the  gaps  of  the  second  moraine,  it  Is  correlated  in  time  with  the  occupa- 
tion of  the  second  or  Gary  moraine,  while  less  confidently  the  higher 
bouldery  terrace  Is  similarly  correlated  with  the  first  or  Altamont  moraine. 


Systematic  results  of  a  field  study  of  the  arghaan  rocks  of  the 
Northwest.    By  Prof.  Alexander  Winchell,  Ann  Arbor,  Mich. 

[ABSTRACT.] 

Two  entire  seasons  spent  by  the  writer  In  the  study  of  the  Archsean 
rocks  of  Minnesota,  Wisconsin,  Michigan  and  Canada,  in  addition  to  more 
casual  studies  during  many  years  previously,  have  resulted  In  a  view  which 
seems  clear,  simple  and  conclusive,  respecting  the  grand  divisions  exist- 
ing, and  their  equivalences  at  remote  points.  In  the  typical  Huronlan 
region  of  Canada,  we  find  two  massive  quartzlte  terranes  underlain  by 
blackish,  siliceous  argillites— the  **  slate  conglomerate  "  of  Logan  and,  at 
bottom,  another  and  more  vitreous  quartzite.  Intersecting  these  are  vast 
dikes  of  diabases,  often  slaty  and  in  some  places  of  such  extent  as  to  ap- 
pear interbedded  sheets.  The  *'Animike"  formation  of  Thunder  Bay  and 
of  northeastern  Minnesota  is  continuous  with  the  siliceous  argiUltes,  and 
lithologically  identical,  but  with  accessions  of  flinty  and  Jaspery  beds, 
and  especially  in  Minnesota  of  vast  deposits  of  magnetltic  schist.  Un- 
derneath this  system,  and  in  marked  discordance  of  stratification  with  it, 
is  a  system  of  argillitic  sericitic  and  chloritic  slates,  which  embrace  the 
hsBmatites  of  the  Marquette,  Gk)geblc  and  Vermilion  regions.  Unquestion- 
ably this  system  is  not  Huronian,  though  generally  so  reputed.  Still 
lower,  but  stratlgraphically  comformable,  occur  crystalline  schists,  fol" 
lowed  by  vast  beds  of  gneisses.    The  crystalline  schists  ally  themselves 
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with  the  gneisses  and  gradaate  into  them.  All  these  present  the  characters 
ascribed  to  the  Laurentian.    But  it  mast  be  said  that  trae  unbedded 
granites  are  seldom  if  ever  seen  within  the  range  of  my  observations. 
We  have  then  the  three  following  systems  of  Archiean  roclcs : 
III.  A  system  equivalent  to  Huronian. 
II.  A  system  nnnamed  (Marquettlan.) 
I.  A  system  equivalent  to  Laurentian. 


ThB  USB  OF  FOSSILS  IN  DETBKMINING  THB  AGB  OF  GEOLOGIC  TBRRANBS. 

By  Prof.  U.  S.  Williams,  Ithaca,  N.  Y. 

[ABSTBACT.j 

Thb  Study  of  the  data  and  the  methods  employed  in  comparing  the  Rus- 
sian Devonian  (as  described  in  a  paper  by  P.  N.  Veuulcoff)  with  the  De- 
vonian of  the  Elfel  and  Ardenne  regions  of  northern  Europe  (as  discussed 
by  M.  Achile  Six  In  a  paper  '*  on  the  Russian  Devonian  "  in  Annales  de  la 
8ocl6t6  geologlque  du  Nord,  xiv,  p.  67-126,  1887)  and  these  with  the  De- 
vonian system  In  America,  gives  me  the  occasion  to  formulate  and  discuss 
the  following  proposition : 

Whenever  the  attempt  is  made  to  determine  the  relative  geologic  age 
of  separate  terranes  the  following  rules  are  believed  to  be  generally  ap- 
plicable. 

1.  It  is  not  the  more  conspicuous  and  fixed  characters  of  fossil  species 
which  ftirnish  the  most  valuable  data  for  determining  age,  but  the  slight 
and  generally  more  or  less  plastic  characters. 

2.  It  is  the  degree  of  prevalence  and  abundance,  and  not  the  mere 
presence  or  absence  of  a  particular  temporal  modification  of  a  species 
that  constitutes  the  most  reliable  indication  of  the  age  of  a  terrane. 

8.  Faunas  taken  as  wholes  are  more  valuable  than  individual  species — 
and  the  fauna  thus  considered  includes  the  elements  of  relative  abundance 
of  the  component  species,  and  takes  account  of  the  relation  which  the 
epochal  faciee  of  each  species  bears  to  its  typical  form,  and  the  teniporal 
place  the  species  occupies  in  the  history  of  its  genus. 


Thb  FOSSIL  wood  and  lignites  of  the  Potomac  formation.  By  F.  H. 
Knowlton,  U.  S.  National  Museum,  Washington,  D.  C. 

[ABflTBACT.] 

Perhaps  no  American  geological  formation,  which  has  been  made  the 
subject  of  recent  investigation,  has  given  rise  to  more  extensive  discasslon 
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or  has  Airnished  more  valaable  scientific  results,  than  has  the  Potomac 
Formation.  First  clearly  differentiated  by  Prof.  Wm.  B.  Rogers,  as  long 
ago  as  1840,  it  has  during  the  past  decade,  and  more  partipularly  daring 
the  last  three  years,  been  made  a  special  study  by  Messra.  McGee,  Fontaine, 
Ward  and  Marsh,  and  at  the  present  time  the  history  of  its  deposition  and 
abundant  animal  and  plant  life,  is  better  known  than  is  the  history  of  many 
of  the  European  formations  with  which  it  has  usually  been  correlated.  Its 
exact  stratigraphic  position,  however,  is  still  unsettled,  although  strong 
presumptive  evidence  is  at  hand.  It  was  called  by  Rogers,  the  Jurasso- 
cretaceous  or  upper  secondary  sandstone.  In  1885,  Mr.  W.J.  McGrce,  argu- 
ing from  the  then  available  paleo- botanical  evidence,  considered  it  to  be 
**  Lower  Cretaceous  in  age— the  American  equivalent  of  the  European 
Neocomian."  Prof.  Wm.  M.  Fontaine,  who  has  so  thoroughly  worked  up 
the  plant  impressions,  regards  It  as  Wealden,  while  Prof.  O.  C.  Marsh,  who 
has  studied  the  numerous  vertebrate  remains,  claims  for  it  a  Jurassic  age. 

The  Potomac  Formation  is  remarkable  for  containing  the  oldest  dicoty- 
ledonous flora  yet  discovered.  Of  the  three  hundred  and  sixty-flve  species 
of  plants  described  by  Professor  Fontaine,  no  less  than  seventy-five  species 
are  dicotyledons.  They  do  not  consist  of  the  highly  dl^erentiated  genera 
and  species  which  characterize  the  other  dicotyledonous  floras,  such  as 
the  Dakota  group,  but  are  new  and  strangely  archaic  in  appearance. 

My  own  studies  of  the  Potomac  Flora  have  been  extensively  confined  to 
an  investigation  of  the  Internal  structure  of  the  fossil  wood,  which  Is  very 
abundant  in  this  formation.  It  occurs  under  two  widely  different  condi- 
tions, viz. :  as  lignite  and  as  slllclfied  wood.  Both  these  forms,  as  indeed 
all  the  plant  remains,  occur  principally  in  lenticular  pockets  of  hard,  bluish 
clay,  which  pockets  bear  evidence  of  having  been  transported  en  meisse 
fk'om  the  original  beds  in  which  they  were  laid  down.  There  is  almost  no 
transition  between  the  two  forms,  although  there  Is  evidence  that  some 
of  the  silicified  forms  are  also  represented  In  a  lignitized  state ;  that  is 
owing  to  different  conditions  of  fossillzation,  some  specimens  of  a  species 
were  silicified,  while  others  were  turned  to  lignite. 

In  color  the  lignite  Is  almost  uniformly  Jet  black.  It  has  a  specific  grav- 
ity of  about  1.888,  and  breaks  with  a  true  concholdal  fracture  like  ordinary 
anthracite.  When  thus  broken,  it  does  not  exhibit  superficially  the  slight- 
est trace  of  organic  structure.  It  may,  however,  be  split  along  certain 
lines,  notably  in  the  direction  of  the  medullary  rays,  when  very  plain 
structure  shows  superficially.  The  method  of  examining  this  lignite,  was 
that  recommended  by  Griffith  and  Henfrey  in  their  Micrographic  Dictionary 
(2d  edition,  p.  178),  for  the  examination  of  coal.  When  prepared  this  way, 
the  sections  are  tolerably  transparent,  and  the  structure  Is  easily  made  out. 
The  most  casual  examination  shows  that  this  material  has  been  subjected 
to  great  pressure,  which  has  so  entirely  crashed  and  distorted  the  cellular 
elements,  that  it  is  difficult  to  recognize  the  original  form.  The  examina- 
tion of  a  large  series  of  sections  serves  to  give  a  pretty  correct  general 
idea  of  it.  In  transverse  section,  the  lumen  of  the  cells  is  seen  to  be  al- 
most entirely  closed  up,  the  result  of  lateral  pressure. 
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Id  regard  to  the  !c1entIflcatlon  of  this  lignite,  it  Is  manifestly  Impossible 
to  attempt  more  than  an  indication  of  Its  general  character  and  position. 
That  it  is  coniferouSf  Is  bejond  question.  The  absence  of  wood  elements 
other  than  tracheids,  which  were  provided  in  some  cases  at  least,  with  bor- 
dered pits,  and  the  number  and  arrangement  of  the  medullary  rays,  make 
the  coniferous  nature  clear.  From  the  abundance  of  the  genus  Cupressin- 
ozylon,  in  the  Potomac  Formation,  as  shown  by  thesillcifled  examples,  it 
Is  probable  that  most  of  the  lignite  may  be  also  of  this  genus,  particularly 
as  there  is  in  many  cases,  a  marked  resemblance,  so  far  as  I  am  able  to  In- 
terpret the  distorted  structure,  between  it  and  some  of  the  species  de- 
scribed from  silicifled  specimens.  Also  several  species  undoubtedly  en- 
tered Into  the  composition  of  this  lignite. 

The  silicifled  material  was  examined  by  the  methods  usually  employed 
in  the  study  of  petrugraphlc  material,  viz. :  by  cutting  thin  sections  and 
mounting  in  Canada  balsam.  This  material  is  all  coniferous.  It  belongs 
to  two  well-known  genera,  Cupressinoxylon  and  Araucarlozylon. 

Capressinoxylon,  as  now  accepted.  Is  a  somewhat  comprehensive  genus 
and  is  usually  regarded  as  representing  In  a  fossil  state,  the  wood  of  Se- 
quoia, or  a  nearly  allied  form.  This  view  is  strikingly  confirmed  In  the 
present  instance,  as  Professor  Fontaine  has  described,  from  cone  and  leaf 
impressions,  no  less  than  twelve  species  of  Sequoia,  and  typical  cones  of 
Sequoia  have  been  found  at  Beltsvllle,  Md.,  a^ssociated  with  the  lignite 
and  silicifled  wood.  Four  species  of  Cupressinoxylon  have  been  detected 
from  the  Potomac  Formation,  and  although  possessing  affinities  with  the 
other  described  forms,  they  nevertheless  diSter  from  them  in  important 
features,  and  have  all  been  regarded  as  new  to  science.  They  have  been 
named  as  follows:  C  jpulchellumt  C.  McGeei,  C.  Wardi,  and  C  Colum- 
bianum. 

The  genus  Araucarloxylon  represents  the  wood  of  the  Araucarian  pines 
in  a  fossil  state.  The  single  species  Is  described  as  new  under  the  name 
of  Araucariexylon  Virginianum, 


ThR  glacial  boundary  in  80UTHRA8TBRN  DAKOTA.      By  Prof.  G.  FRED- 
ERICK Wright,  Oberlin,  Ohio. 

[ABSTRACT.] 

The  object  of  this  paper  was  £o  present  the  result  of  some  observations 
made  during  June  and  July  of  the  present  season  in  the  vicinity  of  the  Mis- 
souri river  between  Yankton  and  Fort  Yales  in  Dakota.  The  country  trav- 
ersed is  in  pait  that  reported  upon  by  Professor  J.  E.  Todd  at  the  Phila- 
delphia meeting  of  this  association  in  1884  (see  Proc,  pp.  381-898). 

After  giving  a  summary  of  the  facts  relating  to  the  character  of  the 
glacial  deposits  near  the  boundary  of  ice  action  in  the  eastern  and  central 
states,  the  speaker  proceeded  to  say :  The  surprising  thing  to  a  glaciallst 
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upon  a  first  visit  to  southeastern  Dakota  Is  the  extent  of  the  apparently 
level  area  where  the  till  comes  to  the  surface.  This  impression  is  height- 
ened probably  by  the  absence  of  forests,  and  would  very  likely  be  the  same 
In  portions  of  Ohio  and  Indiana  were  it  not  for  the  timber.  James  river 
valley  in  Dakota  is  depressed  in  the  centre  about  five  hundred  feet  below 
the  edge,  but  It  is,  roughly  speaking,  seventy  miles  across ;  so  that  the 
slope  does  not  strike  the  eye.  So  level  is  the  country  that  every  special 
line  uf  glacial  accumulation  is  a  prominent  feature  in  the  landscape,  and 
the  various  halting-places  of  the  ice  in  its  retreat  are  readily  discerned, 
and  were  accurately  delineated,  so  far  as  my  observations  have  extended',, 
by  Professor  Todd  in  the  paper  referred  to.  For  a  long  time  a  lobe  of 
ice  filled  the  James  river  valley,  running  parallel  with  that  occupying  the 
upper  Minnesota  valley,  and  extending  southward  into  Iowa.  The  edges 
of  these  lobes  thinned  out  along  the  north  and  south  line  which  runs  near 
the  east  margin  of  southern  Dakota,  and  favored  the  accumulation  of  the 
lines  of  hills  known  as  the**Coteau  des  Prairies."  Professor  Todd  and  others 
speak  of  this  as  a  series  of  **terminal  moraines"  formed  along  the  sides- 
of  the  reentrant  angle  whose  apex  penetrated  to  the  vicinity  of  the  Slsse- 
ton  Agency.  I  am  not  sure  but  that  it  would  facilitate  an  understanding  of 
the  subject  to  speak  of  tlie  Coteau  des  Prairies  as  a  medial  moraine  toward, 
which  the  glacial  debris  (carried  upon  the  deeper  portions  of  the  ice)  grav- 
itated in  both  directions.  But  certain  it  is,  that,  starting  from  a  point 
at  the  Sisseton  Agency  dilTerent  lines  of  glacial  accumulations  stretch  souths 
ward  at  varying  angles,~the  later  accumulations  forming  the  more  obtuse 
angle.  Coming  up  the  valley  of  the  James  from  Yankton  one  crosses  the 
oldest  of  these  accumulations  (the  Altamont  moraine)  in  the  neighborhood 
of  the  city  itself,  and  the  second  (or  Gary  moraine)  in  the  neighborhood  of 
Mitchell,  sixty  miles  to  the  north,  having  run  parallel  with  it,  however, 
for  about  thirty  miles.  The  third,  or  Antelope  moraine,  is  encountered 
near  Huron,  about  sixty  miles  north  of  Mitchell,  and  continues  visible  upon 
either  side  of  the  river,  about  twenty  miles  distant,  beyond  Aberdeen. 

On  the  western  side  of  this  lobe  there  are  corresponding  lines  of  accu- 
mulation, the  outer  of  which  is  the  vicinity  of  the  Missouri  river  and  on 
its  eastern  side.  Everywhere  in  coming  up  from  the  Missouri  od  to  the 
plateau,  which  is  in  most  places  from  four  hundred  to  five  himdred  feet 
above  the  river,  one  encounters  two  or  three  terraces  covered  with  boul- 
ders, the  two  highest  of  which  are  about  three  hundred  and  four  hun- 
dred feet  respectively.  These  moraines  rise  out  from  this  general  level 
one  hundred  or  two  hundred  feet  higher,  and  are  marked  features  of  the 
landscape.  The  streams  entering  the  Missouri  from  the  east  are  all  of  them 
short,  the  longest  not  being  more  than  forty  miles  in  length.  These  streams 
are  in  all  cases  that  I  observed  marked  by  broad  and  elevated  local  ter- 
races, the  edges  of  which  where  they  overlook  the  immediate  trough  of  the 
stream  are  crowded  with  granitic  boulders.  In  some  cases,  as  Professor 
Todd  has  shown,  these  valleys  terminate  abruptly  at  the  water-parting,  as 
if  being  the  continuation  of  glacial  streams  from  the  east  which  had  orig- 
inated upon  the  ice  lobe  while  it  filled  the  James  valley.    The  boulders 
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which  are  saperabundant  over  all  this  region  are  largely  of  granite  or 
gneiss,  and  must  have  been  transported  over  a  long  distance,  In  some  cases 
probably  more  than  four  hundred  miles,  from  the  northeast. 

Owing  to  the  difficulty  of  penetrating  the  Indian  reservation,  Professor 
Todd  had  not  been  able  to  extend  his  observations  to  any  great  extent 
west  of  the  river  and  north  of  Pierre.  But  through  the  courtesy  of  Rev. 
Thomas  L.  Riggs,  and  of  his  assistant,  Rev.  James  F.  Cross,  missionaries 
to  the  Sioux,  I  was  permitted  to  enter  the  reservation  at  Fort  Yates,  and 
traverse  with  them,  on  the  west  side  of  the  river,  the  region  intervening 
'between  Fort  Yates  and  Oahe,  In  the  vicinity  of  Pierre,  making  the  dis- 
tance travelled  over  abont  150  miles.'  Leaving  Fort  Yates,  and  fcolng  four 
.miles  in  a  south- southwesterly  direction,  we  reached  an  elevation  of  425 
feet,  all  of  which  was  made  during  the  last  mile,  and  represents  the  general 
'height  of  bluffs  on  either  side  of  the  trough  of  the  Missouri,  which  is 
•here  about  four  miles  wide.  The  elevation  of  Fort  Yates  above  tide  is 
1694  feet,  making  the  elevation  of  the  bluff  2119.  The  fort  is  situated  on 
■a  glacial  terrace  about  fifty  feet  above  the  present  bigh-water  mark.  Eight 
miles  farther  on,  the  elevation  was  2294  feet,  which  is  about  the  general 
level  for  many  miles.  The  elevation  of  Grand  liiver  was  1819  feet.  The 
divide  between  the  Grand  river  and  the  Moreau  Is  almost  exactly  the  same 
elevation  (namely,  2294  feet)  with  that  between  tlie  Grand  and  Fort  Yates. 
South  of  the  Moreau  river  the  divide  between  that  and  the  Cheyenne  rises 
to  2404  feet.  Over  the  whole  of  this  distance  fh>m  Fort  Yates,  boulders 
of  granite  and  gneiss  were  very  abundant,  being  as  numerous  upou  the 
higher  as  upon  the  lower  points.  Frequently  the  boulders  were  several 
feet  in  diameter.  But,  two  or  three  miles  to  the  south  of  the  highest  land 
between  the  Moreau  and  the  Cheyenne  rivers  this  northern  drift  suddenly 
ceased  at  an  elevation  of  2854  feet,  or  fifty  feet  lower  than  the  previous 
reading.  From  this  point  south  and  east  to  Oahe  (a  distance  of  about 
sixty  miles)  no  signs  of  northern  drift  were  seen,  except  in  the  valley  of 
the  Cheyenne  river,  upon  coming  down  to  a  level  of  2100  feet.  The  eleva* 
tlon  of  the  higher  land  between  the  Cheyenne  and  the  Bad  river  was  fh>m 
2200  to  2800  feet.  Upon  coming  aurain  Into  the  valley  of  the  Missouri, 
northern  drift  began  to  appear  immediately  upon  the  western  bluff,  at 
about  2100  feet  above  tide. 

The  western  limit  of  drift  upon  the  Northern  Pacific  railroad  is  fixed  by 
Professor  Chamberlin  at  Sim's  Station,  about  forty  miles  west  of  Bis- 
marck. Prof.  N.  H.  Winchell,  in  his  report  upon  the  Custer  expedition 
to  the  Black  Hills,  in  the  summer  of  1874  (see  pp.  22  and  28)  found  the 
limit  of  drift  to  be  in  the  Dog  Teeth  Buttes,  thirty  or  forty  miles  south  of 
Sim's  Station,  and  about  twenty  miles  west  of  the  101st  meridian.  Put- 
ting these  observations  with  my  own,  it  would  appear  that  the  limit  of 

^As  I  had  no  barometer  with  me,  the  elovations  RiTeti  were  determined  by  Rev.  Mr. 
RiggB  upon  a  aubseqnent  Journey,  and  forwarded  to  me.  Being  the  result  of  single 
-readings,  they  are  of  course  liable  to  a  considerable  margin  of  error,  which,  however, 
may  be  eliminated  in  subsequent  Journeys.  Bat  I  am  confident  that  the  margin  of 
«rror  is  not  large,  since  the  readings  are  nearly  correct  at  the  river  crossings. 
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glacial  drift  between  the  Noi*tbern  Pacific  railroad  and  Pierre  runs  from 
Sim*8  Station  southward^  crossing  in  a  pretty  direct  line  the  valleys  of 
the  Canuonball,  the  Grand,  and  the  Moreaa  river,  to  the  divide  between 
the  Moreno  and  the  Cheyenne,  where  it  is  certainly  ten  or  twelve  miles 
west  of  the  101st  meridian.  At  this  point  it  is  running  nearly  east  and 
west  between  the  Moreau  and  the  Cheyenne ;  bat  Jast  where  it  strikes  the 
trough  of  the  Missouri^ I  am  at  present  unable  to  tell.  It  certainly  can- 
not be  much  west  of  the  mouth  of  the  Cheyenne. 

Over  the  glaciated  portions  traversed,  I  was  unable  to  find  any  typical 
deposits  of  till,  but  this  may  have  been  owing  to  the  absence  of  favorable 
places  for  observation,  since  the  rolling  prairie  region  afforded  few  oppor- 
tunities forerosion.  Frequently,  however,  knolls  and  short  ridges  projected 
above  the  general  level,  and  were  literally  covered  with  boulders,  pebbles, 
and  gravel,  all  of  which  appeared  to  be  more  or  less  washed.  Nor  was  I 
able  to  find  on  any  of  the  boulders  distinct  marks  of  glacial  scratching. 
About  halfway  between  the  Grand  and  Moreau  rivers,  upon  the  very  sum- 
mit, we  traversed  an  extensive  shallow  depression  resembling  a  kettle- 
hole  about  two  miles  wide.  This  was  bordered  by  hills  about  one  hundred 
feet  above  the  bottom.  The  rim  was  marked  by  numerous  knobs  which 
were  perfectly  covered  with  granitic  and  gnelssoid  boulders.  Many  large 
boulders  were  also  scattered  over  the  bottom,  these  being  frequently  from 
three  to  four  feet  in  diameter.  The  boulders  seem  to  be  limited  to  a  su* 
perficlal  deposit.  On  approaching  the  Moreau,  while  still  upon  the  high 
land,  numerous  boulders  from  four  to  eight  feet  in  diameter  were  observed. 

On  striking  Into  the  valley  of  the  Cheyenne  river,  about  twelve  miles 
above  its  mouth,  and  coming  down  upon  a  terrace,  about  three  hundred 
feet  below  the  general  level,  a  few  small  gneissoid  boulders  appeared. 
Again  on  crossing  the  river  at  about  the  same  elevation,  we  struck  into 
an  old  river-bed,  which  seemed  to  be  perfectly  level,  and  about  two  miles 
wide,  and  to  extend  as  far  as  the  eye  could  reach  both  up  and  down  the  val- 
ley. Granitic  pebbles  were  abundant  in  this  deposit  and  they  were  all  well 
waterwom,  and  evidently  occupied  a  depth  of  a  number  of  feet.  Here  and 
there  over  It  were  scattered  a  number  of  small  granitic  or  gneissoid  boul- 
ders a  foot  or  more  in  diameter.  Whether  the  source  of  this  granitic  ma- 
terial was  the  glaciated  region  to  the  north  or  not,  I  am  at  present  unable 
to  tell,  since  the  Cheyenne  has  access  to  granite  in  the  Black  Hills  where 
it  rises.  Still,  f^om  the  similarity  of  the  boulders  to  those  found  on  the 
highlands  to  the  north,  I  think  a  connection  will  be  found  between  this  old 
river-bed  and  the  glaciated  region  to  the  north.  I  am  inclined  to  believe 
that  this  is  the  line  of  marginal  drainage  by  which  the  water  (which  both 
before  and  since  occupied  the  trough  of  the  Missouri)  worked  around  In 
Aront  of  the  ice,  meeting  the  Missouri  valley  near  the  mouth  of  the  Chey- 
enne river.  Since  my  return,  Mr.  Riggs  has  crossed  the  Cheyenne  about 
six  miles  farther  np  stream,  and  reports  this  old  river-bed  as  there  on  the 
north  side,  and  coming  in  from  the  north  at  an  angle  of  about  twenty  de- 
grees. I  shall  look  for  flirther  evidence  of  this  stream  having  worked 
around  Fox  Ridge  fh>m  the  glaciated  region  where  we  left  It  on  the  divide 
between  the  Moreau  and  the  Cheyenne  rivers. 
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Aboat  ten  miles  south  of  Grand  river,  however,  we  foand  LongBotte  to 
be  DOt  like  the  bottes  which  had  occurred  at  fireqaent  iDtenrals  in  previous 
parts  of  the  Journey,  capped  with  sandstone,  but  to  be  a  gravel  deposit  evi- 
dently an  old  river  bottom  containing  much  material  brought  down  from 
the  Black  Hills,  and  all  well  waterworn.  This  ridge  extended  for  some  miles, 
being  a  very  marked  feature  in  the  landscape,  and  is,  I  suppose,  a  remnant 
left  by  the  erosive  forces  which  had  operated  fd^  a  long  time  upon  the 
underlying  cretaceous  formations,  wearing  them  away  faster  than  they  did 
the  superincumbent  gravel  deposit. 

The  farther  study  of  this  portion  of  the  glacial  border,  will  be  important 
for  its  bearing  upon  current  theories  concerning  the  glacial  period.  The 
thinness  of  the  deposit,  and  the  washed  appearance  of  the  material  of 
which  it  is  composed,  will  be  interpreted  by  some  to  indicate  that  it  Is 
the  eroded  and  wasted  margin  of  a  first  glacial  period,  separated  by  an 
enormous  lapse  of  time  fk'om  the  last  glacial  period.  This,  however,  does 
not  seem  to  me  to  be  necessarily  the  case.  In  interpreting  the  marginal  de- 
posits of  the  glacial  period,  we  should  remember  that  the  motion  of  a 
glacier  constantly  diminishes  towards  the  margin  until  It  finally  reaches  a 
line  of  stability ;  so  that  the  deposits  at  the  very  margin  are  those  which 
have  been  carried  upon  the  Ice,  rather  than  shoved  along  under  it,  which 
would  account  for  comparative  absence  of  Abrasion.  Furthermore,  the  mar- 
ginal deposits  are,  of  course,  the  older  deposits  on  any  theory,  and  have 
been  longest  subjected  to  the  action  of  erosive  and  disintegrating  agencies. 
Thirdly,  in  the  present  case,  these  marginal  deposits  were  peculiarly  sub- 
ject to  erosive  action  fk-om  the  vast  drainage  of  the  Missouri  river  which 
had  been  pushed  out  of  Its  natural  channel.  These  considerations  seem 
to  me  still  to  leave  it  an  open  question,  so  far  as  these  deposits  are  con- 
cerned, whether  they  do  not  belong  to  an  earlier  stage  of  the  same  epoch 
during  which  the  heavier  deposits  had  been  made  upon  the  east  side  of  the 
river.  At  any  rate,  It  would  seem  that  the  abruptness  of  the  termination 
of  these  deposits,  shows  that  they  were  due  to  direct  glacial  action,  rather 
than  to  that  of  floating  ice.  It  would  be  difBcult  to  conceive  of  a  subsidence 
in  that  region  which  should  have  produced  a  body  of  water  with  a  shore  cor- 
responding to  this  drift  limit.  Now  that  the  country  is  likely  soon  to  be 
opened  to  settlement,  we  shall  look  to  investigations  in  that  quarter  for 
much  light  upon  many  problems  of  glacial  theory. 


SOMS  THOUGHTS  ON  BRUPTIVB  ROOKS  WriH  8PBGIAL  REFSRBNCB  TO  TH06B 

OF  Minnesota.    By  Prof.  N.  H.  Winchbll,  State  Geologist  of  Min- 
nesota, Minneapolis,  Minn. 

Gbolooists  know  of  but  two  sources  for  all  the  rocks  which  constitute 
the  crust  of  the  earth,  viz. :  (1)  cooling  from  ftision,  and  (2)  solidifying 
after  being  disintegrated  and  distributed  by  water.  Under  accepted  hy- 
pothesis the  former  were  first  to  be  formed,  and  the  latter  have  resulted  by 
a  long -continued  series  of  dissolution  and  selection  through  the  agency  of 
oceanic  water,  ftrom  the  former. 
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Those  that  have  cooled  from  fusion,  known  as  Igneoas,  or  eraptlve, 
rocks  have  been  divided  broadiy  Into  basic  and  acid  eruptives.  Though 
it  is  obvious  that  this  distinction  may  fade  out  when  subjected  to  universal 
and  rigorous  application,  yet  for  the  purpose  of  this  paper  it  may  be  ac- 
cepted in  advance,  since  these  terms  do  afford  a  classification  which  covers 
a  multitude  of  facts  and  sufficiently  characterize  the  two  evident  great  di- 
visions of  eruptives. 

In  offering  to  the  Section  a  few  thoughts  on  these  two  classes  of  erup- 
tives I  wish  to  disclaim  any  desire  to  ignore  the  views  and  facts  that  have 
been  published  by  others.  I  shall  simply  base  some  statements  on  some 
facts  which  have  come  under  my  own  observation,  to  which  I  have  given 
considerable  reflection  during  the  past  ten  years,  derived  trom  my  work 
on  the  geological  survey  of  Minnesota,  referring  to  my  reports  for  details 
of  the  evidence.  Time  has  not  yet  been  given  to  make  an  exhaustive 
study  of  similar  facts  Arom  other  parts  of  the  world,  and  the  tentative  hy- 
potheses that  I  shall  give  may  have  to  be  modified  or  abandoned  on  mak- 
ing wider  comparisons. 

The  basic  eruptives  are  sometimes  distin<3[uished  as  volcaniCt  in  distinc- 
tion from  the  acid  which  at  the  same  time  have  have  been  called  plutonlc. 
They  are  such  as  are  known  commonly  to  have  flowed  in  recent  times  from 
volcanic  vents,  and  to  have  been  spread  In  extensive  sheets  and  streams 
over  the  face  of  the  earth.  They  are  heavy,  dark-colored,  often  bearing 
iron-peroxide  (and  in  rare  cases  metallic  iron)  :  as  a  group  they  are  dole- 
rytes,^  and  embrace  diabase,  basalt,  some  of  the  diorytes,  and  those  rocks 
that  in  Wisconsin  and  Minnesota  have  been  designated  gabbro.  They 
contain  less  than  sixty  per  oent  of  silica. 

The  acid  eruptives  (so  called)  are  such  as  have  been  supposed  to  have 
constituted  the  earliest  super-crust  of  the  earth,  and  are  now  exposed  at 
the  surface  because  they  have  been  kept  uncovered  by  denudation.  They 
occupy,  where  seen  on  the  continental  areas,  the  lowest  of  the  rock  strata ; 
and  nrom  these  ancient  bosses  are  seen  various  offshoots  that  penetrate  In 
forms  of  veins,  sheets  and  dikes,  the  rocks  immediately  overlying.  In  the 
higher  rock  horizons  this  class  of  eruptives  Is  comparatively  rare,  but  Is- 
olated small  areas  are  known  In  Europe  and  America.  In  most  Instances, 
however,  in  which  they  are  found  in  Silurian,  Carboniferous  or  Tertiary 
time,  they  seem  to  exhibit  a  diversity  of  minor  characters  of  structure, 
by  which  they  are  distinguishable,  though  their  chemical  composition,  in 
its  essential  ingredient  of  silica,  shows  their  general  alliance  to  this  class 
of  eruptives.  The  acid  crystalline  rocks  embrace  granite,  syenite,  appar- 
ently some  diorytes,  felsyte,  trachyte,  quartz-porphyry  and  all  such  as 
have  a  silica  content  of  sixty  per  cent  or  more. 

In  addition  to  the  distinction  of  content  of  silica  these  two  classes  ex- 
hibit other  differences,  when  compared  In  their  original  and  unweathered 
state,  and  when  not  modlfledby  immediate  contact  with  other  rocks.  The 
basic  rocks  are  dark  colored,  gray,  varying  to  hornblendlc-brown  or  chlo- 
rltlc-green.    The  acidic  as  a  class  are  of  lighter  colors,  as  required  by  the 

*  Dana :  Am,  Jour,  Sci,,  Nov.,  1878. 
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higher  per  cent  of  silica,  red,  pink,  gray,  olive-gray,  blulsli-gray  and  gray- 
ish-white. They  are  often  poi*phyritic  with  quartz  and  with  orthoclase. 
Tbey  differ  also  in  weight,  the  basic  roclcs  having  specific  gravity  n*oni  2.65 
to  S.5,  and  the  acidic  Arom  2.4  to  2.7.  In  general  tlie  speclflc  gravity  of 
the  basic  may  be  stated  at  8,  and  of  the  acid  at  2^. 

One  of  the  most  noticeable  differences,  however,  between  the  basic  &nd 
the  acid  rocks,  Is  in  their  manner  of  occurrence  and  their  relative  amounts, 
among  the  other  strata.  The  basic  erupt!  ves  have  poured  out  from  the  in- 
terior of  the  earth  In  vast  floods,  covering  the  surface  for  thousands  of 
square  miles.  When  solidified  they  present  a  homogeneity  of  character 
and  composition  that  demonstrates  the  vastness  of  the  source  fh>m  which 
they  came,  such  as  can  be  explained  only  by  referring  it  to  tlie  molten, 
original  interior  of  the  earth.  All  the  attendant  phenomena  of  fissures 
filled  by  molten  rock,  profound  heating  and  changing  of  the  preexisting 
strata,  and  the  basaltlform  structures  that  result  from  slow  cooling,  attend 
these  wouderfdl  eruptive  sheets.  On  the  other  hand,  the  acid  eruptlves, 
when  they  possess  the  undoubted  characteristics  of  a  former  fluidity —  i, «. 
if  they  fill  flssures  in  rocks  that  preexisted,  and  are  separated  from  the 
basal  (Laurentlan)  gneisses — are  found  to  be  of  small  amount  and  scattered 
very  arbitrarily  and  haphazard  among  the  other  strata.  They  arc  not 
known  (in  Minnesota)  to  have  been  spread  out  in  sheets  like  the  basic  dol- 
erytes,  although  some  of  the  felsytes  are  In  sheets  that  are  embraced  in 
the  stratification  of  the  terrane  with  which  they  are  associated.  They  rise 
in  isolated  knobs,  here  and  there,  unconformably  overlain  by  later  sedimen- 
tary strata,  or  they  pass  by  slow  changes,  when  traceable,  into  crystalline 
masses  that  appear  to  belong  to  the  Laurentian  gneisses.  In  the  terri- 
tories the  trachytes  form  Isolated  buttes  that  are  thrust  upward  In  the 
Tertiary  and  Cretaceous  strata.  They  exist  as  laccolltes  rather  than  over- 
flow sheets.* 

The  two  classes  of  eruptlves  are  differently  distributed  in  time  and  rock 
horizon.  The  acid  rocks  form  the  fundamental  gneisses  of  the  Laurentian, 
constituting  rock  masses  many  thousands  of  feet  in  thickness.  Subse- 
quent to  that  time  they  dwindle  in  amount,  and  exhibit  a  diversified  char- 
acter, but  break  out  a<;aln  with  considerable  abundance  in  Tertiary  time. 
The  basic  eruptlves  appertaining  to  the  age  of  the  Laurentian  gneiss  are 
so  rare  that  they  may  be  considered  wanting,  or  at  least  at  the  present 
time  undiscovered.  They  appear  in  the  later  crystalline  terranes,  and  they 
seem  to  have  increased  in  amount  In  Silurian  time,  to  have  prevailed 
widely  In  Mesozoic  time,  and  to  have  culminated  in  the  Post  Tertiary. 

If  we  seek  for  similarities  between  these  two  classes,  we  find  that  they 
botli  show  evidence  of  former  plasticity,  have  been  mechanically  transposed 
fjrom  one  position  to  another  among  the  rocky  strata,  have  each  produced 
a  metamorphic  effect  on  the  contiguous  rocks,  have  cooled  and  congealed, 
taking  a  more  or  less  perfectly  crystalline  texture,  and  by  entering  the  fls- 
sures have  recemented  the  strata  when  they  have  been  rent  by  upheaval, 
thus  constituting  dikes  and  elvans. 

iQ.  K.  Gilbert:  The  Geology  of  the  Henry  Mouniains,  1877. 
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These  contrasts  indicate  diferent  sources,  or  methods  of  generation,  and 
it  is  the  purpose  of  this  paper  to  call  attention  to  a  plansible  hypothesis 
which  assigns  to  each  a  genesis  which  is  consistent  with  a  great  number 
of  facts. 

The  basic  eruptive  is  of  unquestioned  deep-seated  origin.  It  has  flowed 
fh)m  the  interior  of  the  earth  at  great  epochal  intervals,  and  Is  known  to 
flow  from  volcanoes  at  the  present  time.  But  throughout  its  history  it  has 
maintained  a  constancy  of  character.  The  dolerytes  of  the  Post-Tertiary 
are  not  distinguishable  from  those  of  the  Cretaceous  and  Jura-Trias,  nor 
from  those  of  the  Cambrian.  The  diabase  of  the  Taconlc,  when  ftresh,  is 
not  d  ifl^erent  from  some  of  the  finer  dolerytes  of  the  Tertiary.  The  so-called 
gabbro  of  the  Mesabl,  in  Minnesota,  is  found  to  graduate  Into  a  rock  which 
is  diabasic.  The  perldotytes  of  the  Kawasachong  eruptive  are  also  diabasic. 
An  earlier  probably  eruptive  rock  (the  Vermilion  outflow, — the  mica-horn- 
blende rocks  which  I  have  styled  the  Vermilion  group)  while  evidently 
changed  from  its  original  condition,  yet  exhibits  the  essential  elements  of 
a  basic  eruptive,  and  In  some  places  becomes  a  basic  dioryte. 

It  being  admitted  that  the  basic  eruptive  has  risen  from  a  deep  source 
through  the  fissures  that  have  been  formed  In  the  crust  of  the  earth.  It  re- 
mains to  find  a  reasonable  explanation  for  the  occurrence  of  acid  eruptive 
rock. 

It  is  difficult  to  understand  how  flrom  the  same  volcanic  vent  shall  flow, 
from  the  same  source,  successive  floods  of  basic  and  acid  rock.  In  those 
few  instances  in  which  such  a  phenomenon  has  been  asserted  it  may  safely 
be  affirmed,  still,  that  the  acid  rock  is  not  known  to  have  come  Arom  the 
same  depth  as  the  basic,  and  hence  it  is  allowable  to  suppose  that  it  came 
from  a  less  depth.  This  being  granted,  there  is  no  fact  known  to  the  writer 
which  conflicts  with  the  following  general  principle,  which  I  shall  take  as 
the  theme  to  be  discussed. 

All  acid  eruptive  rocks  result  from  the  hydro-thermal  fusion  of  preexisting 
sedimentary  strata  embraced  in  the  super-crust  of  the  earth, 

(1)  The  **  fundamental  gneiss  "  which  In  America  Is  admitted  to  be  the 
Laurentian  gneiss,  has  been  supposed  to  have  constituted  the  original  crust 
of  the  earth,  which  resulted  from  the  congelation  of  the  surface  of  the 
globe.  But  a  priori  it  seems  that  this  is  highly  improbable,  if  not  Impossi- 
ble, from  all  that  we  know  of  the  nature  of  that  molten  mass.  This  gneiss 
is  an  acid  rock.  The  molten  rock  that  above  is  admitted  to  have  come  from 
below  the  crust  of  the  earth  Is  basic.  If  the  nature  of  the  rock  which 
formed  the  flrst  film  of  rigid  matter  over  the  primeval  earth  be  called  to 
mind,  we  have  no  authority  for  making  it  an  acid  film.  It  was  a  basic  film  of 
dark  pitchstone.  It  was  formed,  shattered  and  reformed.  It  was  broken 
and  washed  by  the  mists  and  waves  of  the  infant  ocean.  It  was  dissolved 
by  the  hungry  fresh  waters  of  the  perennial  rains.  It  was  buried  under  its 
own  ruins.  As  it  became  able,  in  scattered  small  spots,  to  constitute  rigid 
land,  it  was  washed  by  the  ocean  and  again  dissolved.  About  its  shores  ac- 
camnlated  siliceous  beaches.    About  these  beaches,  as  they  emerged,  other 
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beaches  were  formed.  Then,  by  some  dlstarbnnce,  they  were  all  barted. 
Then  they  slowly  emerged  again,  and  the  laud  grew  by  Airther  sandy  accre* 
tlons.  The  ocean's  waters  seized  all  the  soluble  ingredients,  and  the  sol- 
uble ingredients  were  more  numerous,  since  the  waters  were  hot,  than  they 
are  at  the  ocean  level  nt  the  present  day.  The  insoluble  were  left  on  the 
shores.  The  land  grew  through  the  Laurentian  age,  with  vicissitudes  of 
upheaval,  solution,  submergence;  and  emergence,  solution  and  siliceous 
accuniulHtlon.  The  continents  were  in  embryonic  condition,  but  they 
were  necessarily  of  add  rock.  Locally,  and  perhaps  sometimes  generally, 
this  siliceous  sedimentation  was  invaded  by  overflow  of  basic  eruptions 
from  below  the  crust.  But  as  the  crust  was  thin,  the  stress  would  be 
slight,  and  the  fractures  were  of  small  moment,  giving  rise  to  but  incon- 
siderable outflows.  They  seem  to  have  been  lost,  during  the  Laurentian 
age,  either  by  resolution  by  the  ocean  and  the  distribution  of  the  Insolu- 
ble residue  along  the  shores,  or  by  later  hydro-thermal  metamorphlsm. 
As  the  sediments  increased  in  thickness,  the  alkalies  and  alkaline  earths 
were  steadily  abstracted  by  the  powerful  solvent  and  destructive  action  of 
the  ocean.  This  process  once  begun,  would  result,  if  continued  through 
geological  time,  in  the  formation  of  acid  continental  areas.  But  as  the  ocean 
became  more  and  more  alkaline  It  necessarily  reached  the  point  of  satu- 
ration, and  began  to  make  rocks,  off"  shore,  of  another  sort,  producing  lime- 
stones and  magnesian  limestones,  and  to  fhrnish  conditions  fit  for  the 
display  of  low  animal  life.  The  pulseozolc  limestones  resulted.  Further 
additions  to  the  continental  areas  brought  these  limestones,  and  all  later 
rocks,  to  the  level  of  the  dry  land,  while  at  the  same  time  burying  under 
deeper  and  deeper  loads  of  superincumbent  rock  material,  the  sediments 
of  the  Laurentian  ocean. 

(2)  The  sediments  of  the  Laurentian  age,  therefore,  being  necessarily 
siliceous,  when  acted  on  by  the  well-known  forces  of  heat  and  pressure 
nndergo  the  consolidation  and  crystallization  which  is  attributed  to  these 
agents.  They  constitute  the  acid  '*  fundamental  gneiss."  They  are  not  only 
consolidated,  but  within  the  broad  expanses  of  the  later  continental  his- 
tory they  are  subjected  to  that  hydro-thermal  re-ftislon  which  is  now  ad- 
mitted to  pervade  not  only  the  original  igneous  matter  of  the  earth's  crust 
but  also  the  strata  of  the  super-crust.  In  this  plastic  condition  they  are 
ready  to  enter  all  the  avenues  that  open  for  the  escape  or  release  of  plas- 
tic matter  under  pressure;  and  they  have  made  their  appearance  at  many 
places  and  at  all  times  In  the  geologlctil  history  of  the  earth.  The  varia- 
bility of  these  acid  eruptlves  in  composition,  color,  and  degree  of  crystal- 
line structure,  together  with  the  smallness  of  their  geograpliic  area,  and 
comparatively  limited  amounts,  go  to  indicate  not  only  a  variable  source 
but  a  comparatively  limited  supply.  As  contrasted  with  the  constancy  of 
composition  and  vast  floods  that  characterize  the  basic,  this  is  one  of  the 
roost  marked  and  important  differences. 

(8).  Hie  manner  of  eruption  of  the  acid  rock  is  frequently ,  if  not  generally, 
in  the  form  of  laccolites,  instead  of  surface  overflows.  Considering  the  greater 
specific  gravity  of  the  basic  eruptive,  it  has  been  remarked  by  Mr.  G.  K. 
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Gilbert  that  It  Is  a  remarkable  fact  that  in  the  territories  of  the  United 
States,  the  basic  eruptive  has,  so  far  as  known,  always  been  ejected  at  the 
surface,  while  the  lighter  acid,  so  far  as  known,  has  never,  or  rarely  been 
so  ejected  in  any  considerable  amonot,  bat  has  insinuated  Itself  laterally, 
within  the  strata  of  the  superincumbent  rocks,  before  reaching  the  surface, 
forming  the  laecolUe,  which  Mr.  Gilbert  was  the  first  to  describe  {Geology 
of  the  Henry  mountains).  To  what  extent  this  manner  of  emptlon  may 
characterize  the  acid  eruptive  bosses  of  the  Cupriferous  and  of  the  Taconic, 
is  unknown ;  but  many  of  the  facts  that  are  connected  with  these  earlier 
acid  bosses  in  Minnesota,  are  Indicative  of  such  an  origin.  Now  this  sin- 
gular fact,  that  the  lighter  eruptlves  have  been  able  to  rend  apart  the 
strata  through  which  they  were  rising  on  their  way  to  the  surface  and  in- 
sinuate themselves  horizontally  among  them,  and  that  the  heavier  have 
found  rest  only  by  ascending  to  the  surflEice,  Is  one  of  those  that  point  most 
unmistakably  to  the  correctness  of  the  principle  above  stated. 

In  the  light  of  late  theoretical  considerations,  the  deep-seated  strata  of 
the  super-crust  of  the  earth,  are  in  a  state  of  hydro-thermal  ftision.  This 
condition  of  ftislon  Is  one  that  allows  a  more  or  less  complete  re-arrange- 
ment of  the  chemical  and  mineral  constituents,  although  it  does  not  neces- 
sitate any  profound  and  wide-spread  transposition  of  those  elements  f^om 
place  to  place.  This  condition  of  plasticity  becomes  one  of  fluidity  on  the 
removal  of  the  superincumbent  pressure.  The  depth  at  which  this  plas- 
ticity exists  varies  with  the  pressure  exerted,  and  with  the  degree  of  heat. 

This  condition  of  the  super-crust  being  admitted  it  needs  only  to  be 
united  with  the  before-mentioned  acid  nature  of  the  super-crust,  increas- 
ing In  acidity  towards  the  surface,  to  bring  the  plastic  mass  under  those 
hydrostatic  conditions,  which  are  exemplified  by  the  presence  of  two  liq- 
uids of  dlfl'erent  density  in  the  same  enclosure.  The  denser  one  will  seek 
its  equilibrium,  and  will  find  its  place  at  the  bottom.  The  lighter  one  will 
rise  to  the  level  of  Its  equal  specific  gravity  In  the  surrounding  mass.  If 
there  be  a  complication,  such  as  results  from  the  graduation  of  the  lighter 
into  the  heavier,  through  dlfi'erent  stages  of  weight  and  plasticity,  the 
lighter  or  more  plastic  may  rise  in  great  blebs  through  the  overlying 
heavier  or  less  plastic.  Such  blebs,  which  may  be  considered  the  lacco- 
lltes  of  Mr.  Gilbert,  would  rise  to  that  point  where  they  found  either  suf- 
ficient adhesive  power  in  the  rocks  to  resist  their  further  ascent,  or  an 
equal  specific  gravity  In  the  super-crust.  There  they  would  rest,  after 
an  accumulation  of  sufficient  amount  to  reestablish  a  general  equilibrium 
of  pressure. 

Mr.  Gilbert's  statement  that  such  laccolites  in  the  Henry  mountains 
were  formed  between  the  sedimentary  strata  without  the  creation  of  fis- 
sures in  the  sedimentary  beds,  implies,  as  he  argues,  that  all  those  beds 
were  under  great  pressure,  and  were  so  affected  by  hydrothermal  forces 
that  they  had  a  semi-plastic  condition  and  were  '*  stretched  "  to  conform 
with  a  solid  covering,  to  the  fiuld  Intrusion.  It  would  only  require  that 
this  seml-plastic  condition  should  increase  at  somewhat  greater  depth, 
so  as  to  become  a  finld  one,  with  some  change  in  the  pressure,  or  some 
increase  of  heat,  such  as  was  likely  to  occur  at  an  epoch  of  upheaval,  to 
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Institute  a  bodily  transposition  of  portions  of  tlie  plastic  mass  so  as  to 
adjust  themselves  to  the  changed  relative  specific  gravity.  Such  flotoa 
could  never  reach  the  surface.  The  plastic  condition  gives  place  to  a  rigid 
one  before  the  surface  is  reached,  and,  if  it  did  not,  the  snper-crnst  be- 
comes, a  priori^  more  and  more  acidic  and  hence  of  a  lighter  specific 
gravity  toward  the  surface.  Such  intruded  masses  therefore  most  occur 
only  as  laccolites. 

It  may  be  asked,  Why  do  not  the  basic  eruptlves  operate  in  the  same 
way,  and  form  laccolites?  So  far  as  I  can  see  this  can  be  answered  only 
by  supposing  that  they  have  issued  through  fissures  in  the  crust  of  the 
earth,  that  have  opened  down  to  the  molten  interior,  and  that  the  ducts 
through  which  tliey  have  passed  have  been  rlf^id  instead  of  plastic.  It  is 
obvious,  however,  that  such  a  vent  would  first  exhaust  the  plastic  acid 
layer  of  sedimentary  rock  before  the  basic  could  obtain  access  to  the  vent. 
Such  escape  of  acid  eruptive  material  would  give  rise  first  to  a  nest  of 
laccolites,  raising  the  whole  surrounding  region  considerably  above  the 
average  level,  and  subsequently  such  acid  nuclei  would  form  the  central 
portions  of  the  mountains  or  mountain  range.  If  the  eruption  continued 
the  ejections  at  last  would  become  of  a  basic  character,  and  some  such 
seem  to  have  been  contiaued  from  the  earliest  geological  time  to  the 
present. 

Again,  it  may  be  asked,  How  can  the  eruption  of  trachltic,  or  acid,  rock 
at  the  surface,  be  explained,  in  those  instances  where  it  is  known  at  the 
present  time  to  form  more  or  less  extensive  hill  ranges?  It  may  be 
answered  that  where  such  trachltic  hills  do  exist  they  may  be  only  the 
uncovered  laccollte  of  Mr.  Gilbert,  such  as  has  lately  been  discovered  in 
the  case  of  Bear  butte,  one  of  the  trachltic  hills  that  are  found  near  the 
Black  Hills  In  Dakota.  The  sedimentary  rocks  of  the  Tertiary,  as  well  as 
of  the  Cretaceous  are  rapidly  removed  by  sub-a6rial  erosion.  Hundreds 
of  feet  thickness  of  these  strata  have  been  carried  away  by  erosion  over 
hundreds,  and  even  thouhands  of  square  miles,  in  western  Dakota.  The 
present  condition  of  this  process  of  removal  Is  witnessed  in  the  well- 
known  '*bad  lands"  which  occur  at  various  places  in  the  western  terri- 
tories. Such  removal  over  extensive  tracts  has  made  old  laccolitic  in- 
trusions (as  the  Bear  butte  and  Inyan  Kara)  appear  as  if  they  had  been 
at  first  sub-aSrial  extrusions.  Again  it  might  be  answered  that  if  acid 
superficial  extrusions  have  occurred  in  considerable  amount,  as  seems  by 
the  descriptions  of  some  European  geologists,  such  extrusions  were  pro- 
duced by  more  sudden  fk*acturing  and  displacement  of  the  whole  super- 
crust,  locally,  by  mechanical  forces,  so  as  to  allow,  or  to  compel,  the  un- 
derlying plastic  mass  of  sedimentary  material  to  flow  out  at  the  surface 
of  the  earrh.  Bnt  it  need  scarcely  be  stated  that  such  an  occurrence  is 
not  governed  by  the  principles  that  have  been  appealed  to  show  the  nec- 
essarily laccolitic  character  of  a  normal  acid  eruption.  Such  accidents 
doubtless  have  occurred  and  have  allowed  the  extraslon  of  softer  por- 
tions of  the  super-crust. 

To  re-capitulate,  then  (and  there  is  but  one  idea  In  this  paper),  we  find 
the  following  principle  sustained  by  physical  and  chemical  laws,  and  not 
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at  variance  with  any  known  geologic  facts,  viz. :  all  add  eruptives  are  the 
result  of  the  hydro-thermal  fusion  of  siliceous  sediments  belonging  to  the  su' 
per  crusty  and  all  basic  eruptives  are  derived  from  below  the  super-crust  of 
the  earth. 

ir,  secondly,  we  malce  an  attempt  to  apply  this  principle  to  the  super- 
crust  and  to  ascertain  what  order  of  sequence  there  has  been  in  the  out- 
flow of  basic  emptive  material,  we  shall  be  able  to  identify  the  great  ep- 
oclis  of  molten,  basic  eruption  by  a  casual  examination  of  the  strata.  They 
have  marlced  characters,  and  no  geologist  can  mistake  them  except  when 
they  have  themselves  been  subjected,  as  in  the  Arch»an,  to  the  same  hy- 
dro-thermal re-fbsion  and  change,  or  when  they  have  been  so  modified  by 
atnioHpheric  agents  that  they  are  no  longer  massive  but  schistose,  or  have 
taken  silica  into  their  interstices,  so  that  they  do  not  or  may  not  give  a 
basic  aggregate  percentage  of  silica. 

Guided  by  these  evident  characters,  I  wish  to  call  yonr  attention  to  the 
four  great  epochs  of  basic  eruption  which  I  think  are  found  in  the  lowest 
rocks  of  Minnesota. 

(1)  77^6  Vermilion  group^  so  named  in  the  fifteenth  report  of  the  Minne- 
sota survey,  embraces  what  have  been  styled  frequently  the  crystalline 
schists  of  that  region.  They  lie  next  above  the  Laurentlan  gneisses.  Their 
manner  of  contact  on  the  gneiss  is  remarkable.  It  is  characterizt^d  some- 
times by  several  alternations  of  gneiss  with  dark  crystalline  schist,  in  dis- 
tinct layers  flrom  ten  to  fifty  feet  thick,  evincing  a  gradnal,  or  interrupted, 
transition  fVom  one  to  the  other,  as  if  of  sedimentary  nature.  The  dark 
element  in  these  schists  is  mica  or  hornblende.  At  a  somewhat  higher  level 
in  the  terrnne  there  is  great  confusion,  and  the  gneissic  rock  Is  mixed  con- 
(tisedly  with  the  schist,  in  the  form  of  mutually  penetrating  dikes  and  iso- 
lated patches,  which  seem  to  imply  a  plastic  condition  for  both.  But  occa- 
sionally the  dark  rock  exists  In  enormously  greater  quantiti^  and  has  almost 
wholly  a  massive  structure.  At  the  same  time  it  becomes  almost  wholly 
horublendic,  the  micaceous  ingredient  being  visible  only  on  exposed  knobs 
and  weathered  surfaces ;  also  in  the  fissures  and  accompanying  the  joint- 
age  planes.  There  is  unmistakable  evidence,  which  cannot  be  detailed 
here,  that  the  mica,  which  characterizes  the  Vermilion  group.  Is  wholly  the 
result  of  change  from  hornblende,  which  seems  to  have  been,  or  is  now  at 
least,  the  basic  mineral  of  the  greater  hills  and  the  massive  portions.  This 
horizon  marks  the  earliest  known  appearance,  in  Minnesota,  of  basic  ma- 
terial in  the  super-crust  of  the  earth  in  such  amount  as  to  constitute  ater- 
rane  worthy  of  special  designation.  The  upper  side  of  these  crystalline 
schists  revenls  a  quiet  sedimentary  transition  into  the  next  formation  — 
that  named  Kewatin  (as  limited  by  the  fifteenth  report)  by  Mr.  A.  C.  Law. 
son  of  the  Canadian  survey.  There  are  many  alternations  of  acidic  sedi- 
ments with  basic,  benutiftilly  arranged  in  conformable  stratification.  In 
this  part  of  the  Vermilion  group  the  rocks  are  characteristically  hard  mica 
schists  at  firat,  of  dark  color,  but  become  graywackes  as  the  micaceous 
element  fades  out.  It  is  very  easy  to  refer  this  mica  to  a  changed  condi- 
tion of  grains  of  hornblende  derived  abundantly  from  the  disintegration 
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of  the  basic  eruptive  jast  preceding.  It  is  also  very  easy  to  explain  its 
gradual  disappearance,  as  the  sediments  passed  into  the  graywackes,  be- 
coming more  acidic  by  reference  to  the  necessary  progressive  sillciflcation 
of  the  super-crust  already  mentioned. 

(2)  The  next  eruption  of  basic  materials  succeeds  the  graywackes.  It 
has  not  received  any  systematic  name,  but  forms  the  falls  of  Kawasachong, 
in  Minnesota.  It  is  not  so  prominently  a  hiil-raakins^  rock,  but  often  ap- 
pears as  chloritic  schists,  seeking  more  retired  portions  of  the  topography. 
It  is  also  of  a  lighter  color,  and  sometimes  embraces  grains  of  tree  quartz 
which  seem  to  be  indigenous.  It  is  prominently  conglomerltlc,  or  per- 
haps more  correctly  agglomeritic,  with  masses  of  rock  like  itself,  though 
containing  also,  in  some  places,  abundance  of  Jaspllyte  In  fraj^ments,  as 
well  as  much  chalcedonic  silica  In  small  pebbles  and  minute  grains.  This 
rock  is  prevalent  at  the  Iron  mines  at  Tower,  at  Ely,  and  at  Negannee, 
and  is  styled,  when  stained  by  iron,  **paint  rock,"  and  when  not  stained, 
soapstone  and  greenstone.  The  eruptive  origin  of  this  rock  at  Negaunee 
has  been  shown  by  Dr.  M.  E.  Wadsworth.  It  stretches  firom  Tower  east- 
ward to  Ely  and  to  Oglshke  Muncie  lake.  It  was  later  in  date  than  the 
origin  of  the  hematites  of  the  formation,  and  seems  to  have  terminated  the 
Kewatin  formation.  It  Is  supposed  to  be  the  equivalent  of  the  **Serpen- 
tlne  group"  of  Dr.  C.  Rominger,  a  remarkable  old  eruptive  of  the  Mar- 
quette region  of  Michigan.  The  contact  of  this  eruptive  on  the  graywackes 
about  Tower  Is  most  remarkable,  but  cannot  be  described  here.  The  gray- 
wackes and  argillytes  are  wonderfully  broken  and  thrust  together  again, 
and  the  eruptive  rock  seems  to  embrace  them  in  the  same  manner  as  men- 
tioned of  the  basic  and  gneissic  rocks  at  the  bottom  of  the  Vermilion  group. 

This  horizon  of  disturbance  has  been  illustrated  by  numerous  figures  in 
the  fifteenth  report  of  the  survey. 

(8)  We  have  knowledge  of  no  formation,  in  the  northwest,  intervening 
between  this  eruptive  and  the  unconformable  overlying  Anlmlkie  or  Hu- 
ronian.  But  there  may  have  been  later  sedimentary  deposits  that  are  hid 
by  this  unconformable  overlap.  Whether  there  were  or  not,  the  next  great 
epoch  of  basic  eruption  followed  Immediately  after  the  Anlmlkie,  and  is 
well  described  as  the  gabbro  or  Mesabi  overflow.  This  Is  by  all  consider- 
ations the  most  notable  eruptive  terrane  In  Minnesota.  The  rock,  while 
usually  a  well  characterized  gabbro,  such  as  has  been  described  by  the 
Minnesota  reports,  and  by  the  late  Prof.  R.  D.  Irving  of  the  U.  S.  Geo- 
logical Survey,  varies  to  diabase  and  to  dloritic  rock,  and  apparently  to  a 
red-weathering  dlabaslc  rock.  The  minerals  of  this  gabbro  exhibit  great 
variations  In  their  relative  amounts.  At  Duluth  and  at  Iron  lake,  back  of 
Grand  Marals,  the  titanic  magnetite  so  prevails  that  the  mass  of  the  rock, 
In  some  limited  portions,  is  regarded  as  Iron  ore.  In  the  region  of  Little 
Saganaga  lake  and  In  Carlton's  peak  the  labradorlte  element  Is  almost  the 
sole  Ingredient;  and  In  numerous  Instances,  but  in  limited  areas,  about 
Birch  lake,  the  mineral  olivine  Is  almost  the  only  one  present.  This  enip- 
tlon  seems  to  have  fiowed  fh)m  numerous  vents  that  occurred  along  the 
region  where  it  Is  now  found  In  greatest  amount.    It  was  so  copious  that 
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the  basaltic  covering  which  it  forms  is  one  of  the  roost  conspicnons  parts 
of  the  visible  geology  within  much  of  the  region  of  the  Anlmike.  It  lies 
not  only  on  the  slates  and  quartzytes  of  the  nearly  horizontal  Anlmike,  bat 
also  extended  northward  so  far  as  to  lie  over  the  gray wackes,  schists,  and 
older  eruptives  of  the  Kewatin.  More  than  that,  it  also  flowed  on  north- 
ward over  the  granitic  acid  rocks  of  the  Laurentian  and  conceals  them  fk'om 
sight  in  considerable  areas,  a  circumstance  which  seems  to  have  induced 
some  Canadian  geologists  to  classify  it  as  **Upper  Lanrentian."  This  erup- 
tive is  considered  to  be  identically  the  same  in  characters  and  age  as  the 
"hyperstheue-rock"  of  Emmons  which  constitutes  the  main  mass  of  Adi- 
rondacks  in  New  York. 

(4)  The  fourth,  and  latest,  basic  eruptive  rock  known  in  Minnesota  is 
that  which  is  seen  in  the  great  Cupriferous  formation.  That  this  is  of 
much  later  date  than  the  gabbro,  although  it  lies  immediately  on  the  gab- 
bro,  is  shown  by  the  singular  pudding-stones  seen  near  Beaver  bay  where 
large  transported  boulders  of  the  light-colored  **hibradorite  rock"  of  Carl- 
ton's peak  are  embraced  in  a  dark  matrix  of  doleryte  belonging  to  this 
eruption.  Opinion  is  divided  yet  as  to  the  age  of  the  copper-bearing 
rocks  of  the  northwest.  If  they  are  of  the  age  of  the  Potsdam  sandstone, 
these  eruptives  which  are  inters trati fled  with  the  sediments,  constitute 
the  only  known  instance  of  a  general  outflow  at  that  horizon  and  age.  If 
they  be  of  Mesozoic  age  they  have  their  parallels  in  a  general  eruption 
which  is  found  distributed  from  Connecticut  and  New  Jersey  to  the  west- 
em  territories.  It  is  the  purpose  of  this  paper  only  to  call  attention  to 
them,  as  the  latest  in  the  Northwest,  and  not  to  inquire  into  their  precise 
age. 
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Oy  THE  CAUSES  OF  VABIATION  IN  OBQANIC  FOB  MS. 


Ladies  and  gentlemen: 

But  few  alternatives  are  left  your  vice  president  in  choosing  a 
subject  for  tliis  annual  occasion.  With  the  modern  world-wid€  ac- 
tivity in  biology,  to  give  a  review,  however  condensed,  of  the  prog- 
ress and  discovery  of  the  year,  would  require  far  more  time  than 
can  be  given  by  one  who  yields  to  the  pleasure  and  fascination  of 
original  research  what  little  time  can  be  snatched  from  the  slavery 
of  official  routine  and  administration.  Any  such  general  review, 
if  attempted,  could  not  be  critical  or  authoritative  beyond  the  limits 
of  one*s  own  specialty,  and  the  task  is  now  well  done  by  the  com- 
bined efforts  of  a  number  whose  work  we  get  in  the  Geiman  and 
English  records. 

**  One  science  only  will  oar  genius  fit, 
So  vast  is  art,  so  narrow  human  wit." 

To  give  a  similar  review  of  progress  in  one's  owji  specialty  would 
be  to  interest  but  a  limited  number.  I  have  decided,  therefore,  to 
give  expression  to  a  few  thoughts  which  have  occupied  my  mind  for 
many  years,  on  the  laws  of  biologic  evolution,  and  particularly  on 
the  causes  of  variation  in  organic  forms.  I  have  been  helped  to 
this  decision  by  the  appearance,  since  last  we  met,  of  the  ^'  Life  and 
Letters"  of  the  immortal  Darwin  and  the  loss  from  among  us  of 
the  mortal  presence  of  our  own  beloved  Gray.  Both  men,  in  their 
work,  gave  eminent  illustration  of  the  fact  that  the  subjects  which 
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I  thus  take  for  text  may  be  approached  and  elocidated  from  quite 
'different  roadways  or  beginnings.  These  subjects  are,  moreover,  of 
still  absorbing  interest ;  for  we  recognize  that  in  evolution  is  locked 
up  the  origin  of  man,  just  as  in  it  are  involved  his  present  and  his 
tf'ature,  subjects  which  from  time  immemorial,  or  from  the  earliest 
infancy  of  the  race,  have  deeply  concerned  him.  The  demonstra- 
tion of  the  fact,  the  establishment  of  tlie  law  of  organic  evolution, 
have  given  fresh  impetus  to  inquiry.  To  know  something  definite 
•of  the  past  but  intensifies  our  desire  to  read  in  that  past  some 
prophecy  of  the  future. 

Evolution,  as  a  fundamental  principle  in  organic  nature,  is  to- 
'day  more  thoroughly  established  and  proved  in  the  mind  of  the 
average  biologist  than  the  Copernican  theory  itself. 

From  the  time  when  Aristotle  prophetically  remarked  that  "Na- 
ture passes  so  gradually  from  inanimate  to  animate  things,  that 
ifrom  very  continuity  the  boundary  between  is  indistinct,**  through 
the  suggestive  writings  of  Lamarck,  Erasmus  Darwin,  Oken, 
'Goethe,  Baden-Powell,  Geoffro^'-St.Hilaire,  Wells,  Chamliers, 
Lyell  and  Spencer,  the  belief  in  biologic  evolution  was  growing  and 
•expanding,  until  it  ultimately  blossomed  in  the  simultaneous  la- 
bors of  Darwin  and  Wallace. 

Prior  to  the  writings  of  these  last  it  was  necessary  to  fight  for 
the  general  principle,  and  long  after  the  appearance  of  the  ^*^Origin 
•of  Species"  there  was  a  violent  clash  between  the  advocates  of 
special  Creation  and  those  of  Evolution ;  so  that  much  as  Darwin 
felt  and  cared  for  natural  selection  he  was  in  the  b^inning  more 
-interested  in  settling  the  question  of  ^^Creation  vs.  Modification." 
The  fight  has  continued  with  ever- waning  forces  on  the  part  of  the 
•creationists,^  until  to-day  the  evolutionists  are  victorious  and  no 
longer  under  the  necessity  of  marshalling  the  facts  to  bring  convic- 
tion to  the  skeptical.  Thus  biology,  the  last  stronghold  of  the 
•creationists,  has  been  brought  into  correspondence  with  chemistry 
and  physics,  in  which  the  opponents  of  evolution  had  long  before 
given  way.  The  clearing  of  the  smoke  on  this  last  battlefield  is 
comparatively  so  recent  that,  in  the  popular  mind,  evolution  yet 
applies  only  to  the  organic  kingdom,  and  it  is  in  this  more  limited 
sense  that  we,  as  biologists,  particularly  use  the  word,  and  in  which 
I  shall  use  it  for  the  most  part  in  this  address.    We  depend  for 

*  The  term  is  used  In  the  theolo^cal  sense  of  creation  by  supm-natoral  means.   Ev- 
•olntion  is  also  creation,  bat  by  natural  process. 
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evidence  on  an  immense  number  of  well  ascertained  facts,  so  that 
tbe  proofs  of  organic  are  often  stronger  than  of  inorganic  evola- 
tion.  Phylogeny,  or  the  geologic  succession  of  life,  as  proved  by 
palaeontology,  finds  its  correspondence  in  Ontogeny,  or  the  devel- 
opmental history  of  the  individual,  particularly  in  its  embryonic 
phases ;  while  both  find  correspondence  in  Taxology,  or  the  rela- 
tionship of  organic  forms  now  existing  on  our  globe.  The  corre- 
spondence, one  with  the  other,  of  these  three  great  series  is  one  of 
the  most  pregnant  facts  of  biology  and  inexplicable  on  any  other 
theory  than  that  of  derivation.  It  is  the  essence  of  evolution  that 
the  present  more  complex  forms  are  derived  from  older  and  simpler 
forms  and  that  the  greater  the  difference  between  groups  the  great- 
er the  divergence  and  the  deeper  down  the  converging  stem  or  an- 
cestry. We  are  justified  in  concluding  that  complete  knowledge 
(were  that  possible)  would  permit  us  to  trace  back  the  origin  of 
every  organism  to  the  simple  unicellular,  ancestral  form.  I  would 
hardly  second  the  strictures  of  a  former  vice  president  of  this  sec- 
tion on  the  ^'  scientific  arboriculturists,"  because  philosophy  must 
needs  lead  from  the  known  to  the  unknown,  and  the  value  of  a  phy- 
logenetic  table  depends  on  the  knowledge  and  ability  displayed  in 
projecting  it  and  on  the  plausibility  of  those  parts  which  are  not 
based  on  palseontological  facts — and  perhaps  never  can  be — but 
which  the  facts  of  embryology  suggest.  Biologic  evolution  implies, 
further,  what  hashardl}''  been  sufi3ciently  emphasized,  (1)  increase 
in  size  or  bulk  as  correlated  with  the  increasing  diversity  and  com- 
plexity of  organization  ;  (2)  that  the  most  highly  organized  require 
(comparatively)  the  longest  time  for  development  both  in  the  foBtal 
and  postnatal  states,  and  (3)  that  large  organisms  with  complex 
structure  are  more  sensitive  to  changes  of  condition  and  more  lia- 
ble to  extinction  ;  and  this  means  that  the  larger  the  size  and  the 
higher  the  development,  the  fewer  in  number  both  as  to  species  and 
specimens. 

These  principles,  now  so  generally  accepted,  aside,  let  us  at  once 
throw  a  coup  (VoeiL  over  some  of  the  factors  of  evolution  and  see 
what  we  understand  of  the  causes  of  variation  and  differentiation, 
as  this  is  the  question  of  questions  among  biologists  to-day. 

The  essence  of  Darwinism  as  an  element  in  evolution,  viz., 
*' natural  selection,"  was  original  with  several,  and  Darwin  him- 
self remarks,  in  his  autobiography,  that  an  essay  in  Hebrew  had 
been  published  showing  that  the  theory  is  contained  in  the  Old 
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Testament.  He  also  recognized  that  Bronn  in  his  ^^  Gkschichte 
der  Natur"  forestalled  him  in  many  ways.  Even  as  early  as  1766 
Duchesne  wrote  profoundly  of  the  lines  of  variation  and  evolution, 
and  showed  that  a  genealogical  order  is  the  only  one  which  satis- 
fies the  mind,  all  others  being  arbitraiy ;  and  he  ventured  a  gen- 
ealogical tree  based  upon  profound  knowledge  and  ascertained 
facts  in  the  natural  history  and  cultivation  of  the  strawberry.  The 
pnnciple  was  also  fully  recognized  in  1818  by  Dr.  W.  C.  Wells  of 
Charleston,  S.  C,  and  in  1831  by  Patrick  Matthews,  as  later  edi- 
tions of  the  '^Origin  of  Species"  set  forth.  Such,  however,  is  the 
history  of  all  great  theories.  They  cannot  be  cast  at  once  full- 
panoplied  and  impregnable  like  Minerva  from  Jove's  head.  Great 
discovery  is  usually  more  or  less  definitely  foreshadowed. 

The  publication  of  the  "  Origin  of  Species,"  however,  marked  a 
new  epoch  in  biology  and  the  work  has  profoundly  influenced  mod- 
ern thought.  Yet  Darwin's  fame  rests  just  as  firmly  upon  that 
vast  structure  of  facts  which  he  so  successfully  brought  together 
in  his  various  writings,  as  it  does  on  his  theories ;  and  had  he  never 
propounded  the  theory  of  Natural  Selection,  his  writings  would  have 
immortalized  him,  for  they  form  an  enc3'clop8edia  of  well-arranged 
data  for  the  naturalist,  the  agriculturist,  and  the  stock-breeder. 
He  threw  the  light  of  his  genius  into  recesses  formerly  obscured 
and  opened  new  vistas  through  old  problems  which  had  previously 
defied  elucidation. 

It  would  require  volumes  even  to  indicate  the  extent  and  char- 
acter of  the  literature  upon  evolution  since  the  appearance  of  the 
^^  Origin."  The  proceedings  of  this  section  of  the  American  Asso- 
ciation during  a  quarter  of  a  century  have  been,  in  a  measui*e,  typ- 
ical of  the  proceedings  of  like  bodies  the  world  over,  and  constitute 
a  record  of  the  discussions  and  of  the  progress  of  thought  and  ex- 
perience in  this  direction.  We  have  eVery  reason  to  be  proud  of 
the  work  of  American  biologists  as  illustrated  in  this  record ;  for, 
notwithstanding  the  vagaries  of  a  Swallow,  and  the  more  able  and 
serious  opposition  of  a  Dawson,  belief  in  the  derivative  origin  of 
species  has  steadily  gained  among  biologists  and  now  includes  all 
those  whose  work  and  word  are  worthy  of  consideration.  We  may 
be  proud,  also,  of  the  demonstrative  proof  which  members  of  this 
section  have  brought  to  bear  upon  the  general  theory,  as  also  of 
the  newer  thought  and  far-reaching  generalization  original  with 
other  members  of  the  section. 
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In  looking  over  this  record  two  tilings  strike  me  as  worthy  of 
further  consideration.  On  the  one  side  there  ha$)  been  a  dispo- 
sition to  widen  the  meaning  of  the  term  ^'Natural  Selection"  so  as 
to  include  the  cause,  or  causes,  as  well  as  the  method,  of  variation 
and  modification.  On  the  other  side,  the  tendency  has  been  to 
the  opposite  extreme  or-to  limit  the  application  of  the  term  to  the 
mere  selection  of  the  fittest,  so  that  it  becomes  but  the  expression 
of  a  common  and  easily  observed  fact  in  nature,  without  involving 
any  of  the  more  fundamental  principles  of  evolution.  It  becomes 
merely  a  means  or  method  and  in  no  sense  a  cause  of  modification. 
Some  writers  even  go  so  far  as  to  insist  that  while  it  is  all  power- 
ful in  originating  genera,  i.e.,  in  producing  adaptive  structure,  it 
has  little  or  nothing  to  do  with  tlie  production  or  origination  of 
species  and  they  would  thus  render  the  very  title  of  Darwin's  great- 
est work  a  misnomer. 

It  may  not  prove  unprofitable  to  note  what  the  ''Life  and  Let- 
ters" have  to  say  upon  this  question,  and  to  see  what  limit,  if  any, 
Darwin  himself  placed  upon  the  term.  It  is  of  prime  importance 
that  we  use  it  in  as  accurate  a  sense  as  possible,  since  it  has  played 
such  an  important  part  in  the  literature  of,  and  expresses  such  an 
important  factor  in,  evolution.  The  book  is  most  interesting  and 
suggestive ;  for  we  not  only  get  from  it  an  insight  into  the  per- 
sistent and  laborious  effort  which  resulted  in  Darwin's  enduring 
fame,  and  left  so  deep  an  impression  on  the  scientific  work  of  his 
generation ;  but  we  come  to  realize  how  he  labored  in  giving  his 
thought  that  forceful,  logical,  yet  simple  expression  which  had  so 
much  to  do  in  making  his  work  popular ;  how  the  candor  of  his  ar- 
gument and  statement  was  but  the  reflex  of  the  candor  and  honesty 
of  his  mind.  We  learn  to  appreciate  more  fully  the  vast  range  of 
knowledge  he  possessed  of  scientific  fact,  both  from  personal  ex- 
perience and  authority,  and  how  he  bent  it  to  one  great  end.  We 
come  to  love  him  for  his  many  beautiful  personal  traits  ;  his  noble 
character ;  his  simplicity  ;  the  courage  with  which  he  bore  up  under 
bodily  ailment ;  and  for  his  humanity  to  animals,  which  is  well  . 
brought  out  by  interesting  anecdotes  given  by  his  son.  We  honor 
him  for  his  strong  feeling  and  sympathy  with  suffering,  both  in  man 
and  beast ;  for  his  horror  at  the  suffering  of  slaves,  which  inclined 
him  strongly  to  the  Union  side  in  our  Rebellion  but  did  not  blind 
him  to  what,  from  the  average  English  standpoint,  were  the  polit- 
ical issues  at  stake ;  just  as  his  sensitiveness  to  the  suffering  of 
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animals  did  not  warp  his  position  on  the  question  of  vivisection, 

which  he  believed  to  be  justified  for  investigations  in  physiology. 

In  scanning  the  pages  of  his  personal  record  we  come  to  realize 

fully  that 

**Hi8  life  was  gentle ;  and  the  elements 
So  mixed  in  him  that  nature  migl^t  stand  op 
And  say  to  all  the  world — 
This  is  a  man  I" 

But  aside  from  the  insight  which  the  book  gives  into  the  lovable 
character  of  the  man,  and  of  his  method  of  work,  it  is  replete  with 
thought  and  fact,  and  may  be  looked  upon  almost  as  an  appendix 
to  the  ^^Origin."  Let  us  see,  therefore,  what  light  it  throws  on  the 
question  we  have  propounded. 

The  actual  causes  of  variation  may  be  few  or  many — remote  or 
immediate ;  but  their  discovery  or  non-discovery  no  more  affects 
the  principle  of  natural  selection  than  the  difficulty  in  elucidating 
the  causes  of  gravitation  affects  it  as  one  of  the  grandest  discov- 
eries and  generalizations  of  our  age.  We  may  come  to  understand, 
and  are  already  able  to  elucidate  some  of  the  proximate  causes, 
but  the  consideration  thereof  inevitably  leads  us  back  farther  and 
farther  to  the  great  First  Cause,  and  Darwin's  work  would  never 
have  had  so  profound  an  influence  had  he,  instead  of  basing  his  the- 
ories on  demonstrable  and  experimentive  fact,  been  led  into  the 
more  speculative  realms  of  causation.  Not  but  that  he  was  in- 
tensely interested  if  the  causes  of  variation  ;  for  we  have  his  own 
words  and  those  of  his  son  to  show  the  ever-present  desire  in  his 
mind  to  learn  something  thereof.  .  But  he  avoided  consideration  of 
them  in  the  same  way  that  he  avoided  speculation  on  the  origin  of 
life  itself,  seeing  clearly,  no  doubt,  that  both  questions  lead  ulti- 
mately to  Infinite  Causation  and  that  this  is  beyond  man's  finite 
comprehension,  in  his  present  state  of  development,  at  least. 

In  a  letter  to  Lyell,  September  12,  1860,  in  response  to  a  ques- 
tion why  rodents  have  not  become  more  highly  developed  in  Aus- 
tralia, he  says :  '^I  feel  that  our  ignorance  is  so  profound,  why  one 
form  is  preserved  with  nearly  the  same  structure,  or  advances  in 
organization  or  even  retrogrades,  or  becomes  extinct,  that  I  cannot 
put  very  great  weight  on  the  difficulty."  Again,  Feb.  23,  1860, 
he  says :  ^^  With  respect  to  Bronn's  objection  that  it  cannot  be  shown 
how  life  arises,  and  likewise  to  a  certain  extent  Asa  Gray's  remark 
that  natural  selection  is  not  a  vera  causa,  I  was  much  interested  by 
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finding  accidentally  in  Brewster's  'Life  of  Newton'  that  Leibnitz 
objected  to  the  law  of  gravity  because  Newton  could  not  tell  what 
gravity  itself  is.*  *  *  Newton  answers  by  saying  that  it  is  philo- 
sophical to  make  out  the  movements  of  a  clock,  though  you  do 
not  know  why  the  weight  descends  to  the  ground." 

We  may  now  consider  the  question  of  natural  selection  itself,  and 
see  whether,  as  the  expression  of  a  principle,  it  may  not  be  more 
strictly  defined  than  it  was  by  Darwin  himself. 

We  find  in  his  correspondence  with  Wallace  that  the  latter  states 
that  the  term  ''  survival  of  the  fittest"  is  the  plain  expression  of  a 
fact.  Natural  selection,  on  the  contrary,  is  a  metaphorical  expres- 
sion of  it,  but  to  a  certain  degree  indirect  and  incorrect.  The  great 
objection  which  Darwin  urged  to  the  term  "survival  of  the  fittest" 
was  that  it  could  not  be  used  as  a  substantive  governing  a  verb, 
which  obliged  Spencer  himself  continually  to  use  the  term  ''  nat- 
ural selection."    Darwin  recognized,  however,  the  force  of  the  ob- 
jections to  the  term,  and  yet  it  would  be  difficult  to  find  a  better, 
and  his  final  preference,  after  long  deliberation  and  correspondence 
with  men  like  J.  D.  Hooker,  has  justified  his  judgment.     Wallace 
noticed  that  Darwin  hisid  used  the  term  in  two  senses :  ^?*sf,  for , the 
simple  preservation  of  favorable  and  destruction  of  unfavorable 
variations,  in  which  case,  according  to  Wallace,  it  is  equivalent  to 
the  "  survival  of  the  fittest,"  and  secondly^  for  the  efffect  of  the 
change  produced  by  this  preservation.    In  his  autobiography,  Dar- 
win says :  ''  But  it  was  clearly  evident  that  neither  the  action  of 
the  surrounding  conditions  nor  the  will  of  the  organism  (especially 
in  the  case  of  plants)  could  account  for  the  cases  in  which  organ- 
isms of  every  kind  are  beautifully  adapted  to  their  habits  of  life." 
Nothing  can  be  more  characteristic  than  the  following  in  his  long 
letter  to  Lyell,  October  11,  1857.     ''It  has  taken  me  so  many 
years  to  disabuse  my  mind  of  the  too  great  importance  of  climate 
— its  important  infiuence  being  so  conspicuous,  while  that  of  the 
struggle  between  creature  and  creature  is  so  hidden — that  I  am  in- 
clined to  swear  at  the  North  Pole  and,  as  Sidney  Smith  said,  even 
to  speak  disrespectfully  of  the  Equator."    In  a  letter  to  Victor 
Carus  we  find  him  inclined  to  place  more  value  on  the  definite  ac- 
tion of  external  conditions,  and  to  infer  that  single  variations  are 
of  less  importance  in  comparison  with  individual  differences  than 
he  formerly  thought. 

I  recollect  well,  while  visiting  him  in  the  fall  of  1871,  that  he 
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expressed  very  much  the  same  views  which  he  has  expressed  in  a 
letter  written  about  that  time  to  Huxley,  in  which,  using  the  illus- 
tration of  a  pendulum,  he  says :  ^'  The  pendulum  is  now  swinging 
towards  our  side  and  I  feel  positive  that  it  will  soon  swing  the 
other  way."  He  realized  that  there  would  be  oscillations  in  the 
popularity  and  general  acceptance  of  his  views  and  especially  as  to 
the  part  of  natural  selection  as  an  originating  power. 

Thus  his  own  views  as  to  the  value,  scope  and  bearing  of  nat- 
ural selection,  varied  to  some  extent,  and  he  used  the  term  in  two 
different  senses.  In  the  broader  sense,  as  used  by  him,  and  by 
many  of  his  followers,  notably  in  this  country  bj'  Fiske,  Morse, 
Marsh,  etc.,  it  is  a  great  principle  of  modification  that  includes  both 
the  fact  of  variation  from  whatever  cause  or  causes  and  the  ex- 
planation of  accumulative  divergence  along  beneficial  and  adap- 
tive lines.  It  involves  the  Maltbusian  struggle  for  existence,  not 
only  among  the  organisms  themselves  but  with  the  elements  and 
the  environment. 

It  is  plain  from  Darwin's  own  writings  that  a  term  to  express  the 
principle  was  not  easily  found  and  the  difficulty  was  doubtless 
due  to  the  uncertainty  that  existed  in  the  author's  mind,  as  it  has 
existed  in  the  minds  of  his  followers,  as  to  the  exact  limitations 
of  the  principle.  The  term  is  happy  in  my  judgment,  because  it 
has  permitted  the  focussing  of  definition  by  subsequent  elucidation. 
Darwin  could  but  feel  that  ^^  Wahl  der  Lebensweise,"  as  a  German 
translation,  hardly  expressed  his  opinion,  and  he  was  right ;  ^^  nat- 
iirliche  Zuchtwahl,"  the  later  translation  adopted,  being  far  pref- 
erable. 

As  propounded  by  him,  natural  selection  deals  essentially  with 
the  variation  of  the  individual  under  like  conditions,  as  distin- 
guished from  the  variation  of  the  type  under  change  of  environ- 
ment. He  impersonates  by  the  term  an  enaembley  i,  e.,  a  number 
of  innate  conditions  of  variation.  The  principle  is,  in  fact,  based 
upon  the  Leibnitzian  axiom  *'''Natura  non  agit  scdtatim^**  and  it 
finds  a  counterpart  in  the  facts  of  artificial  selection  induced  by  man 
which,  in  reality,  led  Darwin  to  adopt  the  term  to  express  selection 
by  nature.  But  here  it  must  distinctly  be  borne  in  mind  that  by  Na- 
ture, though  it  is  difficult  to  avoid  personifying  it,  he  meant  ^^only 
the  aggregate  action  and  product  of  many  natural  laws, —  and  by 
laws  only  the  ascertained  sequence  of  events.  He  found  it  difficult 
to  admit  of  any  personality  or  designer  in  any  way  using  natural 
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selection  for  designed  ends,  so  that  the  comparison  with  artificial  se- 
lection by  man  lacks  in  one  most  important  particular ;  but  we  may 
recur  to  this  point  later  on.  Natural  selection  is  a  great  principle, 
the  promulgation  of  which  revolutionized  biology.  It  is  a  modus 
operandi  of  derivative  genesis,  embodying  two  somewhat  opposing 
laws,  namely,  heredity  and  adaptation  ;  the  former  for  the  most  part 
conservative  and  teYiding  to  cause  organisms  to  hold  to  the  past, 
the  latter  progressive  and  tending  to  cause  them  to  diverge  or 
ramify.  It  is  a  quo  modo  of  succession,  but  it  implies  no  necessary 
tendency  to  progression,  however  much  such  progress  may  be  indi- 
cated in  the  general  history  of  evolution.  Certain  simple  conditions 
of  life  may  have  persisted  from  before  the  Silurian  age  to  the  pres- 
ent day,  and  the  one  primordial  prototype  of  all  living  and  extinct 
creatures  may  still  exist  so  far  as  natural  selection  is  concerned. 

It  is  a  pnnciple  universal  in  its  action,  explaining  one  important 
mode  of  modiflcation  and  differentiation  of  forms,  especially  among 
higher  animals  or  where  the  interests  of  highly  endowed  or  organ- 
ized beings  most  strongly  interact  to  give  it  effect.  It  must  be  less 
effective  among  lower  organisms,  where  external  conditions  are  evi- 
dently prepotent  in  inducing  not  only  variation  but  specific  modi- 
fication. Natural  selection,  therefore,  does  not  satisfy  us  as  an  ex- 
planation of  the  original  differentiation  of  the  great  classes,  and  it 
was  perhaps  a  certain  recognition  of  this  fact  which  caused  Darwin 
to  pause  on  the  safe  side  of  their  differentiation  and  not  endeavor 
to  explore  the  deeper  mysteries  beyond.  Yet  after  all  it  is  among 
these  lowest  forms  that  the  key  to  the  explanation  of  the  more  im- 
portant factors  in  evolution  must  be  sought. 

The  Darwinian,  therefore,  who  would  give  fullest  expression  to 
the  teachings  of  the  master,  employs  the  term  in  a  broad  sense  as 
the  expression  of  a  principle  in  nature  which  explains  how  the  fit- 
test have  come  to  be  preserved,  and  hence  the  mode  of  formation 
of  species.  The  ^^  formation"  would  have  been  a  happier  expres- 
sion than  the  ^^origin"  of  species,  but  not  so  good  a  catch-title,  and 
we  should  never  forget  that  the  sub*title  of  the  immortal  work, 
viz.,  ^^The  preservation  of  favored  races  in  the  struggle  for  life," 
more  fully  expresses  the  author's  meaning.  By  its  too  zealous  ad- 
vocates natural  selection  has  been  used  to  explain  phenomena  due 
to  other  causes.  This  is,  however,  a  danger  that  all  great  discov- 
eries encounter ;  they  are  made  to  do  service  for  which  they  were 
not  originally  propounded.     But  the  opposite  tendency,  when  car- 
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ried  to  extreme,  Is  equally  unjustified  and  would  obliterate  natural 
selection  as  a  factor  in  evolution. 

Spencer's  expression  the  '^survival  of  the  fittest"  has  often  been 
used  as  synonymous  with  natural  selection,  to  the  detriment  of 
the  latter ;  for  while  all  must  recognize  the  aptness  of  the  term,  as 
a  somewhat  tautological  expression  of  the  result,  it  can  never  be 
made  to  cover  the  principle  involved  in  the  Darwinian  term.  It 
is  an  explicit  and  forceful  expression  of  the  fact  and  in  no  sense 
of  the  theory.  Natural  selection  deals  not  so  much  with  the  sur- 
vival of  the  fittest  as  with  the  destruction  of  the  unfit.  It  expresses 
a  cause  of  differentiation  or  formation  of  species  and  higher  groups, 
in  a  sense  in  which  the  ^''survival  of  the  fittest"  does  not,  however 
little  either  term  may  explain  the  causes  of  variation  per  se  or  the 
origin  of  the  individual  variation.  It  operates  under  subjection, 
taking  advantage  of  variation  otherwise  initiated  ;  or,  to  use  Spen- 
cer's language,  it  expresses  an  effect  of  the  mode  of  cooperation 
among  causes.  We  are  justified,  therefore,  in  saying  that  natural 
selection  is  the  essence  of  Darwinism  and  is  a  fundamental  prin- 
ciple in  organic  evolution  based  on  (I)  individual  variation  and 
(2)  the  struggle  for  existence  and  preservation  of  the  most  com- 
petent. Other  factors  of  less  importance  help  to  give  it  potency. 
It  is  based  upon  the  facts  as  they  may  be  observed,  and  the  whole 
superstructure  is  built  upon  the  innate  variability  of  individuals, 
irrespective  of  conditions.  The  diflSculty  of  getting  at  the  imme- 
diate cause  or  causes  of  this  individual  variation  led  Darwin  to 
consider  it  promiscuous  or  aimless,  though  he  wisely  avoids  calling 
it  lawless.  He  felt,  as  we  have  already  seen,  that  there  were  causes 
and  that  of  the  majority  of  these  we  were  ignorant.  In  his  own 
words,  *'we  can  so  rarely  trace  the  precise  relation  between  cause 
and  effect,  that  we  are  tempted  to  speak  of  variations  as  if  they 
arose  spontaneously.  We  may  even  call  them  accidental,  but  this 
must  be  only  in  the  sense  in  which  we  may  say  that  the  fragment 
of  rock  dropped  from  a  height  owes  its  shape  to  accident." 

I  have  always  had  a  feeling,  and  it  has  grown  on  me  with  in- 
creasing experience,  that  the  weak  features  of  Darwinism  and  hence 
of  natural  selection,  are  his  insistence  (1)  on  the  necessity  of  slight 
modification  ;  (2)  on  the  length  of  time  required  for  the  accumula- 
tion of  modification,  and  (3)  on  the  absolute  utility  of  the  modi- 
fied structure.  I  think  that  Darwin  laid  altogether  too  much  stress 
on  these  points,  and  that  while,  in  the  main,  insistence  thereon 
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is  justified,  a  too  strict  adherence  to  them  weakens  natural  selec- 
tion as  a  true  expression  of  the  phenomena  of  modification.  This 
is  particularly  true  of  lower  organisms  among  which,  as  we  have 
ah'eady  seen,  natural  selection  has  been  and  is  necessarily  less  po- 
tent than  among  the  more  highly  organized  and  complex,  from 
which,  especially  under  domestication,  Darwin  drew  most  of  his 
evidence. 

Whatever  infiuence  we  may  attach  to  environment  and  external 
conditions,  it  is  self-evident  that  they  alone  have  not  been  sufficient 
to  induce  the  wonderful  variety  of  life  existing  upon  the  globe  to- 
day. Indeed,  so  far  as  natural  selection  implies  necessary  utility, 
necessary  adaptation  to  surroundings,  it  is,  as  I  have  said,  defect- 
ive. We  know  very  well  that  introduced  species  from  one  conti- 
nent to  another,  or  from  one  country  to  another,  have  proved 
better  adapted  to  the  changed  conditions  than  the  indigenes  or 
endemic  forms.  This  is  readily  comprehended  on  two  grounds  ; 
firsts  that  species  which  have,  in  the  course  of  time,  experienced 
a  greater  struggle  among  themselves  in  large  areas,  have  an  ad- 
vantage over  those  in  more  limited  areas  in  which  the  struggle  has 
been  less  intense ;  secondly^  that  species  which  have  accommodated 
themselves  to  the  changes  in  life  conditions  which  civilized  man 
induces,  have  a  great  advantage  when,  following  man's  migrations, 
they  are  brought  into  competition  with  species  which  have  not  3^ct 
been  subjected  to  such  conditions.  Again,  no  valid  reason  can 
be  urged  why,  within  a  given  area,  one  species  predominates  over 
another  in  so  far  as  mere  adaptation  is  concerned.  The  influences 
of  environment  alone  would  tend  to  unify  the  fauna  and  flora  of  a 
given  region.  Theoretically,  so  far  as  climate  and  physical  con- 
ditions are  concerned,  there  is  no  reason,  through  regions  where 
these  are  uniform,  why  a  single  animal  should  not  prevail  to  the 
exclusion  of  all  others,  providing  it  was  vegetarian,  or  that  the 
particular  plant  which  furnished  food  to  such  an  animal  should  not 
prevail  to  the  exclusion  of  all  others.  The  hiclcory  and  the  blade 
of  grass  must  be  considered  equally  adapted  to  the  environment 
with  the  oak,  and  so  on  all  through  the  multifarious  forms  of  both 
vegetal  and  animal  life :  so  that  this  diversity  of  form  can  best  be 
explained  by  some  principle  like  natural  selection,  and  by  the  in- 
terrelation and  interaction  of  organisms  and  the  struggle  between 
them  for  existence.  This  is  illustrated  in  many  directions.  To 
take  a  striking  example :  no  one  doubts  that  if  the  larger  carnivora 
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of  Europe  and  Asia  were  introduced  into  Australia,  the  marsupials 
would  soon  have  to  give  way  and  could  survive  only  by  the  acqui- 
sition of  special  functional  modifications  and  larger  intelligence 
such  as  we  find  in  our  opossum.  Yet  it  would  be  folly  to  conclude 
that  the  marsupials  are  less  well  fitted  to  the  physical  conditions 
which  obtain  in  Australia  than  their  introduced  exterminators. 

From  what  has  preceded,  we  are,  I  think,  justified  in  rejecting 
the  interpretations  of  both  extremists  as  to  the  scope  and  meaning 
of  natural  selection.  It  cannot  be  debased  to  the  mere  expression 
of  the  universally  observed  fact  of  variability ;  yet  it  must  be  re- 
stricted, because  it  not  only  implies  something  to  be  selected,  but 
its  promulgator  limits  its  scope  to  the  selection  of  something  that 
is  useful.  As  a  philosophy  it  considers  only  processes  and  leaves 
remote  origin  and  cause  untouched.  The  following  limitations  are 
probably  justified  to-day  and  will  help  to  more  exact  use  of  the 
term. 

1.  It  deals  only  with  individual  variation  from  whatever  cause, 
and  should  not  be  applied  to  simultaneous  variation  in  masses.' 

2.  It  deals  only  with  variations  useful  to  the  organism  in  its 
struggle  for  existence,  and  can  exert  no  power  in  fixing  the  end- 
less number  of  what,  from  present  knowledge,  we  are  obliged  to 
consider  fortuitous  characters.  It  cannot  perpetuate  useless  organs ; 
nor  those  of  a  vestigiary  or  obsolescent  character.^ 

Even  with  these  restrictions,  the  piinciple  is  far-reaching  and 
profoundly  important ;  but  it  quite  fails  to  account  for  many  of  the 
most  interesting  manifestations  of  life  that  are  obviously  not  nec- 
essary or  life-preserving,  of  which  many  will  occur  to  every  one, 
such  as,  among  lower  organisms,  many  superficial  details  of  struct- 
ure ;  or,  as  among  higher  organisms,  odd  habits  and  customs,  play- 
ful instincts,  ethical  traits,  etc.  Its  limitations  must  be  narrowed 
in  proportion  as  we  come  to  understand  the  other  laws  of  modifi- 
cation and  the  causes  of  variation  in  masses.  Let  us  briefly  con- 
sider some  of  these  causes. 

While,  as  already  stated,  the  consideration  of  this  question  in- 
evitably leads  to  Ultimate  Cause,  there  is  no  more  fascinating  or 
profitable  field  of  investigation  than  that  leading  to  the  proximate 
cause  or  causes  of  variation.  We  are  not  content  to  rest  the  case 
where  Darwin  did  b}'  recognizing  variation  as  an  inherent  principle 

^In  the  literature  of  evolution,  these  are  usually  termed  rudimentary,  but,  strictly 
speaking,  this  term  should  be  applied  only  to  nascent  or  Incipient  structures. 
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in  organic  forms,  or  to  beg  tlie  question  by  sa^'ing  that  it  is  as 
much  a  necessity  of  life  as  natural  selection  itself.  Let  us,  there- 
fore, discuss  these  causes  in  the  light  of  recent  experience  and  ex- 
periment. 

We  soon  find  that  they  admit  of  a  certain  amount  of  classifica- 
tion, the  minor  divisions  of  which,  as  in  all  S3'stems  of  classifi- 
cation, more  or  less  fully  interlock  or  blend.  They  fall,  however, 
into  two  chief  categories,  viz.  (1)  external  conditions  or  environ- 
ment, which  are,  at  bottom,  physical,  and  (2)  internal  tendencies  or 
promptings,  which  are,  at  bottom,  psychical.  We  shall  also  real- 
ize more  fully  that  there  is  good  reason  for  the  varying  importance 
which  has  been  placed  on  natural  selection  because  it  represents  a 
broad  principle,  based  on  the  outcome  of  both  these  categories,  but 
particularly  of  the  latter.  Its  value  is  not  a  fixed  one,  and  must 
needs  change  with  the  increase  of  exact  knowledge  of  the  other 
factors,  and  did  in  fact  change  in  the  mind  of  its  originator.  We 
shall  further  find  that  there  are  laws  of  evolution  which  permit 
of  formulation  and  expression,  and  which  have  influenced  or  con- 
trolled the  mode  of  variation,  but  which  must  not  be  confounded 
with  or  included  among  the  causes  of  the  variation  proper,  though 
here  again,  the  line  between  the  two  kinds  of  factors  is  not  always 
easily  defined. 

The  conditions  of  organic  modification  may,  therefore,  roughly 
be  classed  as  (A)  external  and  (B)  internal,  and  these  may  be  al- 
most indefinitely  subdivided.  The  former  class  includes  (1)  phys^ 
ical  and  (2)  chemical  forces  and  in  a  broad  way  may  be  said  to 
induce  modification  independently  of  natural  selection,  however 
much  this  may  act  with  them  as  a  secondary  cause.  Certain  promi- 
nent features  of  the  physical  forced  are  worthy  of  mention :  as 
light,  temperature,  water  (stagnant,  or  in  motion),  climate  (under 
which  term  may  be  included  meteorologic  phenomena,  as  electricity, 
atmospheric  pressure,  etc.),  mechanics  (gravitation,  wind,  stress, 
friction,  etc.)  and  geographies  (migration,  isolation,  etc.).  The 
chemical  forces  may  be  considered  under  the  subdivisions,  aquatic, 
atmospheric,  food  and  soil.  In  class  A  may  also  be  included 
(3)  vital  ^  or  organic  force  in  so  far  as  this  is  concerned  with  the  in- 

>  I  am  wen  aware  that  this  term  is  much  tabooed  among  a  certain  class  of  the  more 
materialiBtio  evolutionists,  but  I  use  it  here  for  want  of  a  better,  and  because  as  an  ex- 
pression of  one  form  of  manifestation  of  force,  it  has  as  much  a  classlflcatory  value 
as  physical  or  psychical. 
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teraction  of  organisms,  and  it  is  seen  thus  to  link  the  two  great 
classes.  The  second  class  (B)  includes  (1)  physiological  and  (2) 
psychical  forces.  Prominent  among  the  former,  as  causes  of  mod- 
ification, are  worthy  of  mention  tiiose  connected  with  genesis  itself: 
as  heredity,  physiological  selection,  sexual  selection,  hybridity, 
primogenital  selection,  and  what  I  would  call  sexual  differentia- 
tion, and  philoprogeneit3\  Among  the  latter  may  be  included 
use  and  disuse,  individual  effort,  etc. ;  and  last,  but  not  least,  the 
emotions. 

As  already  stated,  any  such  classification  of  the  forces  at  work 
in  organic  evolution  must  be  more  or  less  arbitrary  and  artificial. 
Fundamentally  also,  they  are,  perhaps,  convertible  terms — unifia- 
ble  —  one.  But  some  such  arrangement  as  that  here  suggested 
serves  to  simplify  discussion. 

Now  with  the  limited  definition  given  to  natural  selection,  all 
the  forces  in  class  A  act  independently  of  it,  while  the  rest  are 
more  or  less  fully  aids  to  its  action.  Time  will  not  permit  of 
much  detailed  consideration  of  the  physical  and  chemical  forces. 
Nor  is  such  consideration  necessary ;  for  their  influence,  as  Dar- 
win well  remarked,  is  obvious.  Fundamentally,  they  must  needs 
limit  and  control  all  manifestations  of  life  of  which  indeed,  on 
evolutional  grounds,  they  are  the  material  basis.  Change  of  phys- 
ical environment  may  affect  function  first  and  chiefly,  but  this 
involves  change  of  form  and  structure  which  are  integrated  by 
heredity.  The  surface  of  the  earth  and  the  waters  upon  it  and 
the  atmosphere  above  it  have  necessarily  conditioned  the  chief 
modes  of  animal  locomotion  as  swimming,  flying,  crawling  and 
walking,  while  the  five  great  classes  of  vertebrates  find  the  expla- 
nation of  their  structure,  as  J.  B.  Steere  pointed  out  at  the  Ann 
Arbor  meeting,  in  the  conditions  of  life  in  water,  in  shallows,  in 
the  air,  on  land  and  on  trees  and  rocks. 

External  Conditions. — By  external  conditions  or  environment, 
we  include  all  influences  on  organisms  which  act  from  without,  and 
in*carefully  considering  them  we  shall  find  it  difiAcult  to  draw  the 
line  between  those  which  are  really  external  and  independent  of  any 
motive  or  inherent  tendency  in  the  organism,  and  those  which  are 
not.  Hence,  the  general  term  ^'External  Conditions"  is  resolvable 
into  various  minor  factors.  Considering  the  influences  as  a  whole, 
we  flnd  that  in  the  1844  essay,  or  sketch,  Darwin  gave  more  weight 
to  them  as  producing  variations,  and  as  modifying  habit,  than  he 
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did  in  the  "Origin"  ;  yet  we  all  know  that  lie  felt  convinced  when  this 
work  was  first  issued,  that  natural  selection  was  the  main,  though 
not  the  exclusive,  means  of  modification.  Before  his  death,  he  was 
again  led  to  attach  greater  importance  to  them.  As  late  as  March, 
1877,  he  wrote  to  Neumayr,  of  Vienna,  that  "  there  cannot  be  any 
doubt  that  species  can  be  modified  through  the  direct  action  of  the 
environment.  I  have  some  cause  for  not  having  more  strongly  in- 
sisted on  this  head  in  my  ^  Origin  of  Species,'  as  most  of  the  best 
facts  have  been  observed  since  its  publication."  He  was  led  to 
this  modification  of  his  views  by  Neumayr*s  essay  on  '^  Die  Con- 
gerien,"  and  by  Hyatt's  work  in  showing  that  similar  forms  may 
be  derived  from  distinct  lines  of  descent.  In  his  correspondence 
with  Huxley,  Darwin  remarks  that  one  point  has  greatly  troubled 
him.  If,  as  he  believed,  accidental  conditions  produced  little  di- 
rect effect,  "What  the  Devil  determined  each  particular  variation  ? 
What  makes  the  tuflb  of  feathers  come  on  the  cock's  head,  or  moss 
on  the  moss  rose  ?" 

It  is  quite  plain,  indeed,  that  subsequent  to  the  publication  of  the 
"Origin,"  and  especially  in  1862,  in  his  correspondence  with  Ly ell, 
Darwin  was  inclined  to  give  more  power  to  physical  conditions, 
and,  in  fact,  was  wavering  in  his  mind  as  to  the  force  of  the  diflferent 
influences  at  work.  In  his  letters  to  Hooker  in  1862,  the  same  ten- 
dency may  be  noted  and  the  preparation  of  the  "Variation  of  ani- 
mals and  plants,  under  Domestication,"  led  him  to  believe  rather 
more  in  the  direct  action  of  physical  conditions,  though  he  seemed 
to  regret  it  because  it  lessened  the  glory  of  natural  selection  and, 
to  use  his  own  language,  "is  so  confoundedly  doubtful."  One  can 
plainly  trace  from  the  correspondence  how,  prior  to  the  publication 
of  the  "Origin,"  he  more  and  more,  as  his  facts  accumulated,  and 
as  the  theory  of  natural  selection  grew  upon  him,  relegated  to  an 
inferior  place  the  influence  of  environment ;  while,  subsequent  to 
the  publication  of  that  work,  and  up  to  the  time  of  his  death,  the 
tendency  seemed  to  be  in  the  opposite  direction. 

Many  eminent  workers  have  differed  greatly  from  Darwin  in  the 
influence  allowed  to  these  external  conditions,  and  this  is  particu- 
larly the  case  with  our  American  writers.  Indeed,  no  one  can  well 
study  organic  life,  especially  in  its  lower  manifestations,  without 
being  impressed  with  the  great  power  of  the  environment.  Joseph 
LeConte  speaks  of  the  organic  kingdom  lying,  as  it  were,  "passive 
and  plastic  in  the  moulding  hands  of  the  environment."    Leidy, 
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Wyman,  Clark,  Packard,  etc.,  have  insisted  on  the  influence  of 
physical  conditions.  Baird  and  Ridgway  on  geographical  distribu- 
tion. Whitman  on  concrescence,  Hyatt  on  gravitation,  Cope  and 
Ryder  on  mechanical  stress,  have  all  published  valuable  corrobora- 
tive evidence ;  while  man}*  other  writers  have  added  their  views 
and  testimony  which  have  been  admirably  condensed  by  Pi'ofessor 
Morse  in  two  addresses  before  this  Association.  Allen  demon- 
strates plainly  the  influence  of  climate  and  temperature  in  directly 
inducing  specific  changes.  Weismann,  in  his  remarkable  ^^Studien 
der  Descendenz  Theorie,"  concludes  that  difi^erences  of  specific 
value  can  originate  only  through  the  direct  action  of  external  con- 
ditions, and  that  allied  species  and  genera,  and  even  entire  families, 
are  modified  in  the  same  direction  by  similar  external  inducing 
causes.  In  Scmper's  "Animal  Life"  (1877)  we  have  the  best  sys- 
tematized efibrt  to  bring  together  the  direct  causes  of  variation,  and 
no  one  who  has  read  through  its  pages  can  doubt  the  direct  modi- 
fying influences  of  nutrition,  light,  temperature,  water  at  rest  and 
in  motion,  atmosphere  still  or  in  motion,  etc.,  or  question  his  con- 
clusion that  no  power  which  is  able  to  act  only  as  a  selective  and 
not  as  a  transforming  influence,  can  ever  be  exclusively  put  forth 
as  a  causa  effictens  of  the  phenomena.  Kolliker,  in  1872,  wrote : 
^'Manifold  external  conditions,  when  they  operate  on  eggs  under- 
going their  normal  development,  on  larvse  or  other  early  stages  of 
animals,  and  on  the  adult  forms,  have  produced  in  them  partly  pro- 
gressive, and  partly  regressive,  transformations,"  and  recognized 
as  most  important  forces,  nutrition,  light  and  heat.  Indeed,  the 
direct  action  of  environment  must  have  been,  as  Spencer  puts  it, 
"the  primordial  factor  of  organic  evolution." 

In  so  far  as  it  offers  evidence,  entomology  conflrms  the  conclu- 
sions of  the  writers  in  other  departments  of  natural  history,  above 
referred  to,  and  ofiers  a  host  of  most  conclusive  proofs  of  the  di- 
rect action  of  the  physical  and  chemical  factors  which  I  have  enum- 
erated. Justice,  however,  could  not  be  done  to  the  facts  within 
the  limits  of  an  address  of  this  kind,  and  I  pass  on  to  some  of  the 
other  factors. 

It  is  among  what  I  have  called  the  vital  or  organic  conditions 
of  variation  that  natural  selection  has  fullest  sway,  and  as  they 
have  been  so  ably  expounded  by  Darwin  and  others  they  may  be 
dealt  with  in  few  words. 

Interaction  of  Organiama. — The  productions,  as  a  whole,  of  greater 
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areas  will,  whenever  they  get  an  opportunity,  conqaer  those  of 
lesser  areas,  and  in  this  broad  sense,  the  interaction  of  organisms 
may  be  said  to  have  had  no  special  modifying  power,  however  great 
its  influence  may  have  been,  and  is  yet,  in  inducing  the  survival  of 
the  fittest,  or  in  bringing  about  the  present  geographical  distribu- 
tion of  species.  The  consequence  of  enforced  migration  and  of 
isolation  are  best  considered  when  dealing  with  the  physical  con- 
ditions, because  they  must  influence  modification  of  masses  rather 
than  of  individuals,  and  either  substitute  one  type  for  another  or 
remove  competing  or  differentiating  influences.  But  in  the  more 
restricted  sense,  i.  6.,  the  interaction  of  organisms  occupying  the 
same  ground — the  struggle  for  existence,  in  other  words,  between* 
direct  competing  organisms — is  a  prime  Darwinian  factor  of  mod- 
ification, and  a  whole  volume  of  illustrations  may  be  drawn  from> 
entomology  ;  for  in  no  class  is  the  contest  more  severe,  whether  with 
plants,  or  with  other  animals,  or  with  one  another,  than  in  insects. 
In  no  other  field  of  biology,  for  instance,  have  the  physical  condi- 
tions resulted  in  such  infinite  diversity  of  form  and  habit  fitted ^^ 
whether  for  earth,  air  or  water,  and  often  for  all  in  the  same  indi- 
vidual ;  so,  also,  in  no  other  field,  is  parasitism  carried  to  such  a 
degree,  or  are  the  purely  adaptive  structures  due  to  this  interac*- 
tion  so  varied  or  so  remarkable.  The  entomologist  who  goes  be- 
yond the  '^diy  bones"  of  his  science  is  inevitably  a  Darwinian. 

In  this  category  must  also  be  included  that  Interrelation  between 
insects  and  plants  which  has  eventuated  in  the  so-called  carniv- 
orous plants,  and  that  still  more  wonderful  interaction  between 
flowers  and  insects  by  which  each  has  modified  the  other,  and  the 
facts  of  which  have  been  so  untiringly  observed  and  so  well  set 
forth  by  a  number  of  writers  from  Sprengel's  day  to  this,  and  by 
none  more  successfully  than  by  Darwin  himself.  These  are  plainly 
inexplicable  on  external  conditions  acting  on  masses  alike  and  are 
meaningless  enigmas  except  on  the  theory  of  natural  selection,  or 
some  supra-natural  and  dogmatic  gospel. 

We  are  thus  led,  through  this  last,  from  the  external  to  the  in- 
ternal factors  in  evolution,  or  those  of  a  physiological  and  psychi- 
cal nature.  In  these,  natural  selection  is  the  key  which,  so  far, 
best  unlocks  their  meaning  and  shows  how  they  have  acted  in  the 
formation  of  species  and  the  less  fundamental  of  the  great  groups. 
In  considering  them  it  is  hardly  necessary  to  discuss  their  relative 
importance  as  compared  with  the  external  conditions,  though  it 
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•may  be  remarked  that  they  are  the  factors  which  have  induced  the 
great  variety  of  adaptive  forms  and  minor  differentiations,  while 
the  external  conditions  have  governed  the  formation  of  the  great 
and  more  comprehensive  t3'pe8  of  structure. 

Darwin  was  led  to  give  more  importance  toward  the  end  than  he 
had  originall}'  done,  to  some  of  these  internal  factors  and  especially 
to  functionally-produced  modifications.  In  the  ^'Descent  of  Man" 
he  says  that  he  did  not  sufficiently  consider  variations  ^^ which  so 
far  as  we  can  at  present  judge  are  neither  of  benefit  nor  injurious ; 
and  this  I  believe  to  be  one  of  the  greatest  oversights  I  have  yet 
detected  in  my  work."  And  in  the  sixth  edition  of  the  *'Origin" 
he  frankly  admits  that  he  had  omitted  in  other  editions  to  consider 
properly  the  frequency  and  importance  of  modifications  due  to 
spontaneous  variability.  He  further  refers  to  morphologic  differ- 
ences, which  may  have  become  constant  through  the  nature  of  the 
organism  and  the  surrounding  conditions  rather  than  through  nat- 
ural selection,  since  they  do  not  affect  the  welfare  of  the  species. 
In  short,  Darwin's  views  kept  pace  with  the  investigations  of  his 
day  and  tended  in  the  direction  of  restricting  rather  than  widen- 
ing the  influence  of  natural  selection.  But,  as  Romanes,  and  es- 
pecially Spencer,  in  his  Factors  of  Evolution,  have  fully  shown 
Darwin's  position  on  this  subject,  I  may  pass  over  the  detail. 

Internal  CoNDmoNS — Physiological. —  Genesis  itself  is  the  first 
and  most  fundamental  of  all  causes  of  variation.  The  philosophy 
of  sex  may,  indeed,  be  sought  in  this  differentiation,  as  the  accu- 
mulated qualities  in  separate  entities  when  suddenly  conjoined  or 
commingled  inevitably  lead  to  aggregation  and  heterogeneity — in 
other  words,  to  plasticity  or  capacity  to  vary.  Genesis,  as  a  fun- 
damental factor  in  evolution,  may  be  more  intelligently  considered 
under  some  of  its  subordinate  phases,  as  heredity,  physiological  se- 
lection, sexual  selection,  primogenital  selection,  sexual  differentia- 
tion including  philoprogeneity,  hybridity,  etc. 

Heredity,  as  expounded  by  the  ablest  biologists  and  as  exempli- 
fied in  life,  is  a  puissant  factor  in  evolution  and  though  essentially 
conservative  must,  through  the  marvellous  power  of  atavism,  tend 
to  increase  individual  variability.  The  subject  has  been  too  well 
considered  by  Darwin  and  his  followers  to  justify  further  discussion 
of  it  here.  As  a  cause  of  variation,  heredity  must,  however,  have 
less  and  less  influence  as  we  go  back  in  the  scale  of  organized  be- 
ings ;  for  it  cannot  well  come  into  play  in  agamic  or  fissiparous  re- 
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prodaction,  a  fact  which  has  given  the  abiogenesists  one  of  their 
strongest  arguments,  since  it  is  difficult  to  understand  how,  for  in* 
stance,  the  monera  of  to-day  could  have  descended  without  change 
from  the  primordial  form. 

Physiological  Selection. — Physiological  selection,  as  suggested 
by  Mr.  Catchpool  and  as  expounded  by  Romanes,  is  undoubtedly  a 
veritable  factor  in  evolution,  and  while  giving  us  another  link  in 
the  chain  of  evidence  as  to  the  causes  of  differentiation,  lessens  in 
but  very  slight  degree,  the  overwhelming  force  of  the  argument  for 
natural  selection.  It  adds,  rather,  an  important  element  in  the 
evidence  therefor  and  may  be  classed  as  a  subordinate  cause  of 
differentiation.  Romanes'  theory  is  based  upon  the  argument  that 
differences,  such  as  constitute  varieties  and  species  in  their  com- 
mencement, would  not  be  preserved  by  natural  selection  unless 
useful,  but  would  be  lost  again  by  cross  breeding  with  forms  like 
the  parent,  and  which  had  not  varied,  except  upon  some  hypothesis 
like  that  of  physiological  selection.  This  could  not  be  prevented 
except  by  migration.  This  difficulty  is  a  general  one,  was  argued 
by  Darwin  himself,  and  has  been  felt  by  all  Darwinians.  The  re- 
productive organs  are  extremely  variable  and  sterility  may  occur 
not  only  between  species,  but  between  races  and  varieties  and  often 
between  individuals.  Physiological  selection  tends  to  form  varie- 
ties by  peculiarities  in  the  reproductive  system  of  individuals  which 
render  them  unQt  for  perfect  coition,  or  cause  them  to  remain  more 
or  less  sterile,  with  other  individuals  which  have  not  the  same 
peculiarities. 

The  exact  reasons  are  recondite,  and  the  whole  subject  difficult 
of  demonstration  except  from  the  results,  since  changes  in  the  re- 
productive organs  are  not  easily  observable.  Romanes  believes 
this  sterility  to  be  incidental  to  variation  and  hence  one  of  the  chief 
causes  of  the  accumulation  of  such  variation.  Wherever  there  has 
been  modiflcation  of  the  reproductive  organs  introducing  incompat- 
ibility between  two  individuals,  even  where  there  has  been  no  other 
change  or  variation,  we  have  a  valid  cause  of  differentiation  which 
in  its  consequences  must  be  important.  Compatibility  or  fertility 
between  individuals  is  of  the  very  essence  of  selection.  Natural 
selection  implies  that  this  sexual  divergence  is  subsequent  to  or  co- 
incident with  divergences  in  other  directions ;  physiological  selection, 
that  it  antecedes  them.  To  put  the  case  of  Romanes  more  fully, 
we  will  suppose  that  among  the  natural  variations  there  occasionally 
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occurs  something  to  affect  the  reproductive  organs  in  such  wise  as 
to  produce  incompatibility,  i,  e.,  incapacity  of  one  individual  with 
another  of  the  parent  type,  to  unite,  or  sterility  of  such  union,  while 
it  remains  fertile  with  the  variation  of  its  own  kind.  This  theory 
of  course  implies  variation  in  the  reproductive  organs,  or  depart- 
ure from  the  parental  type,  in  at  least  two  individuals  of  opposite 
sex  simultaneously,  and  with  this  admission,  for  which  we  are  jus- 
tified in  facts,  physiological  selection  will  preserve  many  peculiar- 
ities which  need  have  no  necessary  connection  with  the  exigencies 
of  life. 

The  change  may  be  in  the  organs  of  reproduction,  introducing 
sexual  incompatibility,  or  it  may  be  due  to  other  causes,  as,  for  in- 
stance, the  time  of  flowering  in  plants,  or  the  season  of  heat  in  an- 
imals. Even  the  element  of  scent  becomes  important  here,  as  my 
friend  J.  Jenner  Weir  has  suggested,  since  it  may  influence  sexual 
relationship,  so  that  the  very  excretions  of  the  body,  which  vary 
with  individuals,  must  be  allowed  their  part.  Francis  Galton  has 
indicated  a  modification  of  Romanes'  views,  viz.,  that  the  prima- 
ry characteristic  of  a  variety  resides  in  the  fact  that  the  individ- 
uals who  compose  it  do  not  care  to  mate  with  those  outside  their 
pale.  Incipient  varieties  are  thus  thrown  off  from  the  parent  stock 
by  means  of  peculiarities  of  sexual  instinct  which  prompt  what 
anthropologists  call  endogamy  and  check  exogamy  or  man'iage 
without  the  tribe  or  cast.  This  is  a  very  good  anthropological  il- 
lustration of  how  physiological  selection  may  begin. 

Natural  selection  preserves  the  individuals  best  adapted  to  life  con- 
ditions by  destroying  the  less  fit.  Physiological  selection  may  be 
said  to  preserve  differences  which  have  no  necessary  connection 
with  the  necessities  of  life.  Neither  touches  the  origin  of  the  va- 
riation, but  both  express  laws  thereof  or  methods  by  which  it  is 
accumulated.  The  inherent  tendency  to  vary,  whether  in  external 
or  adaptive  structure,  or  internal  or  reproductive  character,  is  sim- 
ply an  observed  fact,  the  causes  of  which  we  are  endeavoring  to 
analyze. 

Physiological  selection  is  remarkably  exemplified  in  insects  and 
probably  in  no  other  class  are  the  modifications  which  may  be  at- 
tributed to  it  more  easily  studied ;  for  in  no  other  class  are  the 
genitalia  of  the  male  so  variable  or  so  complex.  There  has  so  far 
been  no  attempt  to  homologize  the  different  parts  in  the  difi'erent 
orders  of  insects,  so  that  they  have  received  different  names  ac* 
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cording  to  individual  authors.  Ordinarily  there  are  two  pairs  of 
claspers,  themselves  very  variable,  associated  with  sundry  hooks 
and  tufts  of  hair.  There  are  families,  as  in  the  Cecidomyidae,  among 
the  Diptera,  in  which  many  species  are  almost,  and  others,  abso- 
lutely, indistinguishable  except  by  the  differences  in  the  male  geni- 
talia. In  all  other  orders  there  are  an  immense  number  of  forms 
which  can  only  be  distinguished  by  a  careful  stud}^  of  those  organs. 
Descriptive  entomology  to-day,  which  does  not  take  account  of 
these  organs,  is,  in  fact,  almost  valueless,  and  we  must  necessarily 
assume  that  where  there  is  differentiation  of  structure  in  these  im- 
portant parts  it  implies  a  corresponding  modification  on  the  part 
of  some  associated  female  even  where  no  other  differentiated  char- 
acters are  to  be  detected,  and  upon  Romanes'  law  such  must  be 
looked  upon  as  physiological  varieties  and  will  be  counted  good 
species  in  proportion  as  the  differentiation  involves  other  observ- 
able characters  or  as  their  life  habits  determine. 

Sexual  Selection. — The  part  of  sexual  selection  in  inducing 
variation  may  next  be  considered.  While  it  is  evidently  at  the 
bottom  of  the  diversity  in  sex  so  common  among  many  animals,  it 
is  difficult  to  see  how  it  can  play  any  very  important  part  in  the 
differentiation  of  species,  except  on  the  hypothesis  that  the  greater 
the  differentiation  between  the  sexes  the  greater  the  tendency  to 
vary  in  the  offspring.  In  no  class  of  organisms  is  this  factor 
more  notable  than  in  insects,  and  volumes  might  be  written  to  re- 
cord the  interesting  and  curious  facts  in  this  class  alone.  As  a  gen- 
eral rule  it  may  be  said  that  with  insects,  as  with  other  animals, 
it  acts  chiefly  in  inducing  secondary  sexual  characteristics  in  the 
male,  and  in  simplifying  the  characteristics  of  the  female.  Nowhere 
do  we  find  greater  contrasts  between  the  sexes,  involving  almost 
every  organ,  both  colorationally  and  structurally.  Where  color 
is  affected,  the  greater  brilliancy  almost  always  belongs  to  the  male 
sex,  as  in  birds.  So  where  song  or  sound  is  employed  to  attract, 
the  sound  organs  are  either  peculiar  to,  or  most  highly  developed 
in,  the  males.  As  in  higher  animals,  also,  so  in  insects,  we  find 
offensive  organs  highly  developed  in  the  male,  and  either  lacking, 
or  but  partially  developed  in  the  female,  wherever  the  struggle  for 
the  possession  of  the  female  is  by  force,  or  strength.  It  has  evolved 
scent  organs  in  various  parts  of  the  body,  causing  modification, 
especially  in  the  Lepidoptera,  of  either  the  membrane  of  the  wing, 
or  the  scaly  covering ;  it  has  induced  profound  modification  in  the 
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Structure  of  the  legs,  whether  the  anterior,  middle  or  posterior  pair, 
and  wliether  in  the  whole  member  or  some  part  of  it,  or  in  its 
covering.  The  subject  has  been  so  fully  treated  by  Darwin,  how- 
ever, that  it  is  not  necessary  to  elaborate  it  further  in  this  connec* 
tion.  Strictly  speaking,  it  may  be  said  to  act  in  two  ways,  viz. : 
by  conflict  of  the  males  for  possession  of  the  female,  or  by  attrac- 
tiveness, the  former  being  most  conspicuous  among  mammals,  the 
latter  among  birds,  and  both  coming  conspicuously  into  play  among 
insects.  It  is  rather  difficult  to  define  the  limit  of  sexual  selection 
as  a  factor  in  evolution,  but  I  would  not  confound  it  with  another 
factor,  not  hitherto  generally  recognized,  but  which  I  think  must 
be  all-powerful,  namely,  sexual  differentiation. 

Sexual  Differentiation. — It  seems  evident  that  the  mere  differen- 
tiation of  sex  in  itself  has  been  an  important  element  in  variation. 
The  principle  elaborated  by  Brooks  as  a  modification  of  the  theory 
of  pangenesis  is  a  good  one,  and  in  the  main  the  male  may  be  said 
to  be  the  more  complex  and  to  represent  the  pi-ogressive,  and  the 
female  the  more  simple  and  to  represent  the  conservative  element  in 
nature.  When  the  conditions  of  life  are  favorable,  the  female  pre- 
ponderates, and  exercises  a  conservative  influence.  When  the  con- 
ditions are  unfavorable  the  males  preponderate  and  with  their 
greater  tendency  to  vary  induce  greater  plasticity  in  the  species, 
and  hence  greater  power  of  adaptation.  Sexual  differentiation  may, 
I  think,  be  used  to  include  many  other  variations  and  differentia- 
tions not  otherwise  satisfactorily  accounted  for,  and  to  express  the 
law  of  the  interaction  of  the  sexes  upon  one  another,  inducing  great 
differentiation  entirely  apart  from  the  struggle  of  the  males  for  the 
possession  of  the  females,  or  the  struggle  for  existence.  Among 
insects,  particularly,  though  the  same  is  true  among  other  classes, 
we  find  many  illustrations  of  this  that  can  hardly  be  explained  by 
the  other  forms  of  selection. 

A  few  of  the  more  notable  in  Hexapods  may  be  instanced,  as 
the  degraded  form  of  the  female  in  Stylopidse ;  in  very  many  Lepi- 
doptera  and  Coleoptera ;  in  the  females  of  the  Coccidse,  in  Homop- 
tera,  etc.  In  most  of  these  cases  it  is  the  female  which  has  been 
modified,  without  any  very  special  modification  in  the  male,  though 
it  is  a  general  rule  that  in  proportion  as  the  female  is  degradational 
and  stationary,  the  organs  which  permit  him  to  find  her,  or  to  mate 
with  her,  and  particularly  the  antennae,  eyes  and  genitalia  are  pro- 
foundly modified  and  complex.     This  is  especially  noticeable  in 
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the  Psychidae  where  the  female  remains  in  her  case,  a  mere  mouth- 
less,  eyeless,  legless  and  wingless  grub,  and  the  male  has  most  com- 
plex and  ramose  antennae  and  complex  genitalia.  Another  remark- 
able instance  may  be  cited  in  the  Lampyridse,  where  we  find  every 
degree  of  degradation  in  the  female,  from  partial  wings  to  no  wings 
at  all,  accompanied  with  increasing  complexity  of  eyes  and  anten- 
nae in  the  male,  until  at  last  in  the  Phengodini  the  female  is  so  lar- 
viform  that  she  can  hardly  be  distinguished  from  the  true  larva. 
In  all  these  cases  the  female  has  been  as  profoundly  modified  as, 
and  often  more  so  than,  the  male,  and  in  the  latter  case  a  phos- 
phorescent power  has  been  evolved  so  that  the  attractiveness,  as 
in  the  human  species,  is  rather  on  the  female  side.  Again,  in  the 
case  of  Corydalus,  in  Neuroptera,  the  profound  modification  of  the 
jaws  in  the  male  into  prehensile  sickle-shaped  organs  is  to  be  ex- 
plained rather  on  the  interaction  between  the  sexes,  and  the  facil- 
ity the  modification  offers  for  coition,  than  upon  sexual  selection 
in  its  proper  and  restricted  sense. 

In  this  category  must  also  be  included  the  influence  of  philch 
pi'ogeneity  which  has  modified  the  female  rather  than  the  male  either 
in  the  primary  sexual  organs  for  offence  or  defence,  as  in  the  sting 
of  the  aculeate  Hymenoptera ;  or  in  the  secondary  sexual  charac- 
ters, as  in  the  anal  tufts  of  hair,  secretory  glands,  etc.,  of  many 
Lepidoptera ;  or  in  modificaiion  of  various  other  parts  of  the  body 
exhibited  in  various  orders  of  insects  to  facilitate  provision  for 
their  young,  whether  in  the  preservation  of  the  eggs  or  the  accu- 
mulation of  food  for  the  future  progeny.  A  notable  instance  of 
how  far  this  may  be  carried  is  furnished  by  the  female  Pronuba, 
where  the  ovipositor  and  the  maxillae  are  so  profoundly  modified 
as  to  make  her  unique  in  her  order.  Sexual  selection  can  have  lit- 
tle to  do  with  these  modifications,  cases  of  which  might  be  multi- 
plied indefinitely ;  nor  can  they  be  fully  explained  by  natural 
selection,  in  the  restricted  sense  in  which  we  have  proposed  to  use 
it;  nor  by  physiological  selection. 

In  this  category  might  also  be  included  modification  which  has 
resulted  in  the  various  forms  of  females  which  obtain  in  the  same 
species,  fitted  whether  for  agamic  or  sexual  reproduction  and  which 
are  far  more  readily  explained  on  the  theory  of  sexual  differentia- 
tion aided  by  environmental  influence,  especially  food  and  temper- 
ature, than  upon  any  other. 

Hybridity, — ^The  subject  of  hybridity  has  been  fully  discussed 
by  many  and  by  no  one  more  ably  than  by  Darwin  himself.    It 
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has  generally  been  assumed  that  the  hybrid  of  any  two  species  is 
sterile,  and,  in  fact,  hybridity  has  been  looked  upon  as  one  of  tlie 
best  tests  of  specific  value  next  to  genesic  incapacity.  The  as- 
sumption finds  its  greatest  support  in  genesis  among  the  higher 
animals,  and  the  most  thoroughly  difierentiated  species ;  but  the 
whole  subject  becomes  complicated  as  we  descend  in  the  organic 
scale,  and  hybrids  between  what  naturalists  generally  separate  as 
good  species  are  far  more  frequently  fertile  among  plants  and  lower 
animals  than  was  formerly  supposed  ;  while  physiological  selection, 
as  we  have  just  seen,  may  render  genesis  impossible,  or  at  least 
prevent  it,  between  varieties  and  incipient  species.  In  this  light, 
hybridity  becomes  an  important  factor  in  the  modification  of  spe- 
cies. Unnecessary  importance  has  been  given,  in  my  judgment, 
to  the  fact  that  domestic  and  wild  species  differ  in  the  fertility  of 
their  crosses.  It  is  assumed,  for  instance,  that  all  the  known 
breeds  of  domestic  dogs  would  be  fertile  inter  se  and  produce  fer- 
tile crosses.  It  seems  to  me,  on  the  very  face,  a  preposterous 
proposition  and  that  many  of  the  breeds  of  domestic  dogs  are  as 
distinct  specifically,  and  even  generically,  so  far  as  this  test  is 
concerned,  as  they  are  in  structure  and  other  characteristics.  Who, 
for  instance,  has  ever  known  or  heard  of  a  cross  between  a  bull 
dog  and  a  lap  dog,  or  between  a  Newfoundland  and  a  black  and 
tan?  The  difference  in  size  alone  would  seem  to  render  such  a 
cross,  if  not  a  physiological  or  a  physical,  at  least  a  practical,  im- 
possibility ;  so  that  hybridity  among  domestic  animals  tends  to 
essentially  the  same  result  as  among  wild  animals,  and  confirms  its 
importance  as  a  differentiating  factor. 

Having  thus  summarily  indicated  those  factors  of  evolution  as- 
sociated with  genesis  and  which  are  essentially  physiological,  how- 
ever much  psychical  phenomena  may  cooperate,  we  may  touch  upon 
the  more  purely  psychical  factors  or  those  pertaining  to  the  growth 
and  use  of  mind,  employing  the  term  to  express  those  neural  phe- 
nomena traceable  to  the  medium  of  the  brain.  Their  importance  in 
evolution  increases  with  increasing  cephalization  and  complexity 
of  nerve  system.  For  the  present  purpose,  however,  it  is  with  the 
objective  side  of  psychology  or  what  may  be  called  psycho-physi- 
ology that  we  must  deal. 

Psychical — Use  and  Disuse. — Full  consideration  of  the  effect  of 
use  and  disuse  involves  a  discussion,  not  only  of  the  question  of 
the  transmission  of  acquired  structures,  but  of  the  influence  of  in- 
dividual effort  and  of  necessity,  i.  e.,  a  consideration  of  the  essen- 
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tially  Lamarckian  factors  in  evolution.  The  occasion  will  not 
permit  me  to  do  full  justice  to  these  subjects.  That  functionally- 
produced  modifications  are  inherited  was  the  great  assumption 
upon  which  Lamleirck  founded  his  theory  of  evolution.  Many  able 
naturalists  have  insisted  on  it,  and  in  my  judgment  there  should 
no  longer  be  any  doubt  whatever  of  the  fact,  not  only  so  far  as 
grosser  structure  is  concerned,  but  brain  structure  likewise.  No 
question  is  of  more  moment  in  the  whole  range  of  biology  and  es- 
pecially biologic  philosophy,  and  Spencer  has  well  pointed  out  that 
on  the  answer  to  it  will  depend  largely  the  sciences  of  psychology, 
ethics  and  sociology.  Weismann,  Lankester  and  others  deny  hered- 
itaiy  power  in  such  modifications,  the  former  believing  that  heredi- 
tary modification  can  result  only  from  changes  in  the  gei'm  plasma^ 
I.e.,  are  virtually  congenital.  Natural  selection,  according  to  this 
view,  plays  upon  the  germ  plasma ;  but  I  have  never  been  quite 
able  to  comprehend  how  this  view,  even  if  established,  militates 
against  the  transmissibility  of  acquired  modification,  for,  whatever 
theory  of  heredity  we  adopt,  it  shows  us  rather  the  manner  of  the 
transmission  and  therefore  confirms  its  possibility.  But  the  fact 
of  such  transmissibility  rests  neither  on  embryological  nor  theo- 
retical grounds.  It  is  a  fact  so  fully  demonstrated  in  the  history 
of  our  domestic  animals  and  the  history  of  agriculture,  that  the 
skepticism  of  s6me  of  our  great  naturalists  and  embr^'ologists  must 
be  attributed  to  that  ignorance  of  the  farmers'  commonest  experi- 
ences which  is,  unfortunately,  a  too  frequent  attribute  of  the  city- 
trained  investigator.  Darwin  in  the  beginning,  and  while  the 
importance  of  natural  selection  was  growing  in  his  mind,  allowed 
little  importance  to  use  and  disuse  for  the  same  reason  that  he  sub- 
ordinated external  agencies ;  viz.,  that,  in  proportion  as  it  acts  on 
masses  simultaneously,  it  must  diminish  the  importance  of  natural 
selection.  Yet  he  allowed  more  weight  to  it  toward  the  end  and 
has  furnished  some  of  the  best  evidence  drawn  from  domestic  ani- 
mals of  the  transmission  of  acquired  characters,  affecting  the  der- 
mal, muscular,  osseous  and  nervous  systems.  Spencer  has  shown 
that  inheritance  of  functional  modification  is  most  easily  observed 
and  experimentally  proved  in  those  parts  which  admit  of  easy  ob- 
servation and  comparison,  as  the  dermal  covering  and  the  bones ; 
and  that  they  for  the  most  part  are  beyond  these  tests  in  the  mus- 
cular and  nervous  systems.     Yet  he  logically  concludes : 

^^Considering  that  unquestionably  the  modification  of  structure 
by  function  is  a  vera  causa^  in  so  far  as  concerns  the  individual ; 
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and  considering  the  number  of  facts  which  so  competent  an  ob- 
server as  Mr.  Darwin  regarded  as  evidence  that  transmission  of  such 
modifications  takes  place  in  particular  cases ;  the  hypothesis  that 
such  transmission  takes  place  in  conformity  with  a  general  law, 
holding  of  all  active  structures,  should,  I  think,  be  regarded  as  at 
least  a  good  working  hypothesis." 

So  far  as  Entomology  bears  evidence,  it  confirms  the  fact  that 
modifications  of  structure  due  to  use  or  disuse  on  the  part  of  the 
individual  may  be  and  are  transmitted.     These  are  easily  observed 
in  the  exo-skeleton,  and  while  the  experimental  proof  is  yet  limited, 
it  is  not  wanting,  especially  in  the  history  of  apiculture.    Excessive 
use  of  any  organ  will  develop  or  enlarge  it  at  the  expense  of  other 
organs,  just  as  disuse  will  cause  a  diminution,  or  atrophy  thereof. 
The  variation  in  the  individual  will  be  within  limits,  but  when  once 
the  variation  has  set  in,  the  tendency  is  always  to  an  increased  va* 
nation  in  the  same  direction  in  the  descendants,  especially  if  they 
continue  the  same  use  or  disuse.     Here,  again,  however,  it  is  diffi- 
cult to  separate  the  modification  due  to  individual  efibrt,  or  want 
of  effort,  and  the  more  general  modification  affecting  the  mass  of 
individuals  of  a  species  through  the  environment ;  because  the  en- 
vironment affects  function,  and  function  in  its  turn  affects  form  and 
structure.    The  life  of  every  individual  furnishes  an  excellent  il- 
lustration of  new  action  and  new  uses  for  organs  not  previously 
used,  in  the  striking  and  sudden  employment  of  postnatal  organs, 
both  of  respiration  and  nourishment,  which  pre-natal ly  had  no  cor- 
responding action.    Romanes  has  argued  that  Cessation  of  Selection 
may  reduce  an  organ  where  use  or  disuse  can  have  no  play,  as  in 
the  loss  of  wings  in  neuter  ants ;  and  that  by  the  law  of  compensa- 
tion an  organ  may  even  be  increased,  as  in  the  heads  of  such  neu- 
ters.    He  enforces  the  idea  by  exampling  the  blind  crabs  of  our 
Kentucky  caves,  where  the  complex  eyes  rapidly  disappear  under 
cessation  of  selection,  but  where  the  persistence  of  the  foot-stalks 
indicates  that  economy  of  nutrition  could  have  had  little  play  I     It 
is  diflScult,  however,  to  draw  the  line  between  this  cause  and  Lan- 
kester's  reversal  of  natural  selection ;  and  still  more  difiicult  to  say 
wherein  either  differs  from  mere  disuse. 

Degeneration  which  has  been  urged  as  the  true  explanation  of 
many  of  the  existing  forms  of  life  is,  it  seems  to  me,  but  a  con- 
sequence of  disuse  and  would  therefore  fall  into  the  present  cate- 
gory, among  causes  of  variation. 

Emotion  as  affecting  the  Individual. — I  have  here  considered  the 
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factor  of  ase  and  disuse  as  a  direct  cause  of  variation,  from  the 
psychical  rather  than  the  physical  standpoint,  i.  e.,  individual  or 
conscious  effort  as  furnishing  food  for  natural  selection,  among 
more  highly  endowed  animals,  rather  than  as  effort  by  species  as  a 
whole  necessitated  by  physical  conditions  and  inducing  modifica- 
tion in  masses  irrespective  of  selection.  This  leads  us  to  the  con- 
sideration of  mind  as  a  factor  in  evolution,  and  we  shall  soon  see 
its  importance  as  a  fundamental  cause  of  differentiation,  among 
higher  organisms  at  least.  I  am  not  sure,  even,  that  its  infiuence  can 
be  excluded  from  among  lower  animals,  however  much  we  may  have 
to  exclude  its  action  in  so  flir  as  plants  are  concerned ;  for  any  new 
functional  effort  inducing  new  use  may  be  looked  upon  as  conscious 
and  intelligent  as  compared  with  use  fixed  by  habit  and  lapsed  into 
automatic  action  or  instinct.  The  former  typifies  variability  and 
progress ;  the  latter  constancy  and  stability. 

Mind  is  a  comprehensive  cause  of  variation  and  may  be  consid- 
ered under  several  categories :  We  have,  for  instance,  (1)  the  ac- 
tion of  the  mind  of  the  individual  in  willing,  or  in  selecting  between 
differing  alternatives  that  present  themselves,  as  in  the  choice  of 
means  to  ends ;  (2)  the  direct  influence  of  the  emotions  on  the  in- 
dividual ;  and  (3)  the  influence  of  the  emotions  of  the  pregnant 
mother  on  her  offspring. 

In  the  first  category  the  influence  of  mind  in  modifying  is  chiefly 
confined  to  man.  It  must  have  acted  from  the  time  when  he  first 
began  to  prepare  his  crude  weapons  of  defence  and  offence  to  the 
present  day,  when  some  new  discovery  or  some  new  invention  may 
alter  the  map  of  the  world,  revolutionize  society,  or  give  one  race 
or  nation  the  advantage  over  another ;  nor  can  we  feel  sure  that 
animals  below  man  have  not  been  modified  by  similar  psychical  ef- 
fort. In  the  second  category,  the  direct  influence  of  the  emotions 
on  the  individual,  it  is  a  psycho-physiological  factor  involved  in  the 
question  of  use  and  disuse ;  for  if  it  be  once  admitted  (and  I  think 
the  tendency  of  modern  neural  science  is  in  the  direction  of  estab- 
lishing the  fact)  that  strong  inental  effort  may  be  made  to  affect 
special  parts  of  the  body,  t\  e.,  that  an  excess  of  nervous  force 
brought  to  play  on  any  particular  organ  or  any  particular  part  of 
the  organism,  induces  increased  growth  or  development  of  such 
parts ;  we  can  understand  how  far  desire,  especially  under  the  spur 
of  necessity,  may  be  influential  in  inducing  modification.  Lamarck's 
idea,  therefore,  may  not  be  so  ridiculous  as  it  has  hitherto  been 
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supposed  by  many.  Darwin  took  no  stock  in  tliis  influence,  and 
referred  with  some  contempt  to  the  views  of  Lamarck,  and  GeofTroy- 
St.  Hilaire.  He  thought  it  strange  that  the  author  of  ^'  Les  Ani- 
maux  sans  Vertebres  "  should  have  written  that  insects  which  never 
saw  their  eggs  should  will  them  to  be  of  particular  form,  which  he 
thought  hardly  less  absurd  than  to  believe  that  the  desire  to  climb 
should  make  a  Pediculus  formed  to  climb  hair,  or  a  woodpecker  to 
climb  trees. 

Emotion  of  Mother  as  affecting  Offspring. — There  may  be  some 
doubt  about  the  extent  of  the  influence  of  the  individual  mind  in  in- 
ducing direct  modification,  for  the  subject  is  a  diflScult  one  to  deal 
with  and  we  have  few  exact  data  to  draw  from.  Since  in  human 
affairs  we  recognize  the  power  of  will  in  affecting  purpose  and  ac- 
tion and  in  moulding  character,  it  is  legitimate  to  infer  that  when  our 
knowledge  has  increased  we  shall  recognize  its  effect  on  function. 
There  can  be  less  doubt  as  to  the  third  category,. viz.,  influence  of 
the  mind  or  emotions  of  the  pregnant  mother  on  her  offspring  in 
inducing  modification  both  ph3'siological  and  mental.  As  a  cause 
of  variation,  though  believed  in  by  J.  D.  Hooker,  as  we  learn  from 
the  ^^Life  and  Letters,"  and  by  other  of  Darwin's  contemporaries, 
it  was  discarded  by  Darwin  himself,  his  principal  reasons  being 
that  the  results  of  observations  made  for  him  in  hospitals  were 
adverse  to  any  such  influence.  Medical  men,  as  a  rule,  also  dis- 
card it  as  among  the  mere  notions  and  superstitions  of  women, 
and  argue  its  impossibility  on  the  ground  that  there  is  no  neural 
connection  between  mother  and  foetus.  The  ancients  practically 
recognized  the  influence  of  the  imagination  of  the  mother  on  her 
offspring,  and  belief  in  it  is  still  very  prevalent  among  women  them- 
selves, of  all  classes.  Women  alone  are  able  to  speak  or  feel  in 
this  matter,  from  experience,  and  the  almost  universal  belief  in  the 
influence,  among  those  who  have  any  experience  at  all,  should  make 
us  hesitate  to  discard  it  too  summarily.  From  facts  within  my 
own  personal  knowledge  I  have  long  believed  in  this  influence,  and 
the  more  I  have  been  able  to  collect  reliable  data  bearing  upon  it, 
the  more  confirmed  have  I  become  in  the  conclusion  that  the  emo- 
tional experiences  of  the  mother  affect  the  issue  in  varying  degree, 
according  to  the  intensity  of  the  emotion.  When  sudden  and  ex- 
cessive as  in  rage,  fright,  repugnance,  etc.,  or  where  prolonged  or 
accumulative,  as  in  continued  brooding,  it  may  induce  nervous 
disorders  and  even  mental  abeiTation,  idiocy  or  insanity  ;  or,  again, 
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physiological  change,  as  atrophy  or  increase  of  parts,  and  other  pe- 
culiarities which  have  relation  to  the  form  or  character  of  the  induc- 
ing mental  manifestation  or  shock  in  the  parent.  Investigation  of 
this,  as  of  all  subtle  phenomena,  is  attended  with  the  difficulty  of 
separating  the  chaff  of  fancy  from  the  grain  of  reality.  The  method 
pursued  by  Darwin  is  unsatisfactory,  as  it  dealt  with  normal  con- 
ditions which  furnish  no  evidence  and  with  the  fanciful  or  notional 
side  of  the  subject.  The  literature  of  the  subject  is  extensive  and 
quite  interesting,  and  I  would  refer  particularly  to  the  work  and 
writings  of  Viellard,  Schcenfeld,  Demangeon,  Lucas,  F6r6  and 
Brown-Sequard.  Two  other  difficulties  confront  the  investigator : 
first,  the  somewhat  unsatisfactory  state  of  neurology  and  the  diffi- 
culty of  experimental  research  therein,  as  indicated  by  Vice  Presi- 
dent Bowditch  before  this  section  two  years  ago ;  secondly j  the  aver- 
sion, from  feelings  of  delicacy,  on  the  part  of  the  persons  concerned, 
to  publicity  of  the  more  marked  and  striking  evidence.  The  phe- 
nomena of  hypnotism,  proving  as  they  do  that  physiological  re- 
sults may  be  induced  through  the  imagination  of  the  subject  acted 
on  by  the  mind  of  the  hypnotizer,  are  suggestive  in  this  connection, 
the  work  of  Charcot  in  Paris  more  particularly  showing  how  pow- 
erful the  action  may  be  and  how  the  effects  of  actual  medicines  may 
be  produced  by  the  use  of  imagined  ones.  The  mind  of  the  hyp- 
notized under  these  conditions  is  brought  into  those  exceptional 
and  exalted  conditions  which  are  necessary  in  the  case  of  the 
mother  to  produce  on  her  offspring  the  effect  which  we  are  discuss- 
ing. The  recent  experiments  of  Mr.  C.  T.  Hodge  on  the  effects 
of  stimulation  on  the  nucleus  and  cell-body  and  on  protoplasm  are 
also  interesting  here  showing,  as  they  do,  decrease  in  the  two  former 
and  vacuolation  of  the  latter  as  the  result. 

The  history  of  science  is  present  to  tell  us  that  common  and  per- 
sistent belief,  based  on  experience,  has  not  infrequently  been  met 
with  skepticism  and  even  ridicule  on  the  part  of  scientific  men, 
only  to  be  vindicated  finally  by  more  thorough  and  exact  knowl- 
edge. It  is  too  often  the  case  that,  where  the  processes  are  recon- 
dite and  difficult  to  follow,  assumption  passes  for  knowledge.  The 
function  of  some  of  our  own  bodily  organs  yet  remains  to  be  es- 
tablished and  we  probably  assume  too  much  in  requiring  that  all 
nervous  force  must  be  transferred  through  nerve  tissue,  or  that 
there  may  not  be  protoplasmic  filaments  which  are  not  resolvable, 
in  their  finer  ramifications,  even  with  our  best  microscopes.    The 
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very  nature  of  mind  and  its  processes  puts  it  bej'ond  the  reach  of 
the  scalpel  of  the  anatomist  or  the  physiologist,  just  as  many  psy- 
chical phenomena  baflSe  the  exact  methods  of  science,  at  least  those 
so  far  employed.  Leaving  out  of  the  question  the  evidence  of 
peculiar  marks  due  to  maternal  emotion,  cases  of  which  are  part 
of  the  unwritten  history  of  almost  every  family,  the  striking  cases 
of  which  I  have  authoritative  evidence  of  addition  to,  subtraction 
from,  or  singular  modification  of,  anatomical  parts,  confirm  me  in 
the  belief  that  this  is  a  most  important  psycho-pliysiological  cause 
of  modification. 

In  the  romance  of  Elsie  Venner,  in  which  the  heroine's  strange  at- 
tributes are  connected  with  pre-natal  influence  of  the  mother,  who 
died  of  the  bite  of  Crotalus,  Oliver  Wendell  Holmes  has  strongly 
put  forth  this  doctrine  in  the  form  of  fiction.  I  allude  to  this  clever 
romance  because  of  the  medical  knowledge  of  the  eminent  author, 
and  because  while  admitting  in  the  preface  that  a  grave  scientific 
doctrine  lies  beneath  some  of  the  delineations  of  character,  he 
also  afllrms  that  he  has  had  the  most  startling  confirmation  of  its 
truth.  The  data  collected  on  the  subject  I  hope  to  bring  together 
on  some  other  more  fit  occasion,  and  I  would  take  this  opportunity 
of  urging  any  in  my  hearing  or  who  may  read  these  lines,  if  they- 
have  had  or  are  aware  of  any  authoritative  and  illustrative  cases, 
to  communicate  them  to  me  with  as  much  detail  as  possible. 

This  theory  once  established,  its  bearing  on  evolution  as  a  prime 
cause  of  variation  must  at  once  be  manifest ;  for  it  gives  not  only 
tangibility  to  the  Lamarckian  idea  of  desire  influencing  modification, 
but,  also,  a  conception  of  how  Infinite  Mind  in  nature  may  act 
through  the  finite  in  directing  such  modification.  No  doubt  but  that 
there  is  a  great  deal  of  nonsense  and  superstition  mixed  with  the 
genuine,  and  that  the  idea  that  every  little  whim,  or  fancy,  or  im- 
agining of  the  mother  will  produce  record,  or  mark,  is  one  of  the 
unjustified  outcroppings  of  the  fundamental  fact,  and  helps  to  ex- 
plain the  difldculty  of  getting  at  the  real  facts  and  the  ease  with 
which  Darwin  rejected  the  idea.  In  my  judgment  this  factor  acts 
only  when,  from  whatever  cause,  and  particularly  under  the  spur  of 
necessity,  the  emotions  are  exceptionally  intensified,  or  the  desire 
strongly  centred  in  some  particular  object.  The  conception  is  per- 
fectly legitimate,  for  instance,  that  when  a  species  is  subjected  to 
any  external  modifying  cause,  affecting  all  its  members  alike,  the 
adaptive  modifications  which  natural  selection,  under  such  circum- 
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stances  would  play  upon,  have  their  origin  in  the  emotions,  or  the 
influences  at  work  on  the  pregnant  females,  giving  direction  in  their 
offspring,  to  the  needed  changes.  In  this  way  it  is  probable  that 
only  those  individuals  born  under  such  conditions  would  be  able  to 
survive.  Thus  this  becomes  no  mere  ancillary  cause  of  variation 
but  one  of  deepest  import  and  at  the  very  foundation  of  evolution. 
The  female  in  this  light  acquires  an  increased  importance,  and  evo- 
lution finds  her  not  only  the  essential  at  the  dawn  of  life  upon  our 
planet,  but,  in  its  present  highest  manifestations  she  is  nearest  by 
instinct,  intuition  and  aspiration  to  the  Controlling  Mind,  which 
in  the  beginning  quickened  the  great  womb  of  nature  and  down 
through  all  the  ages  guided  tiie  continuous  stream  of  life  to  designed 
ends  through  the  individual  womb  of  the  mother. 

As  already  remarked,  the  psychical  factors  which  we  have  been 
considering  are  substantially  Lamarckian,  and  in  proportion  as  we 
consider  them  and  get  to  understand  tlie  other  direct  causes  of 
variation,  must  we  give  importance  to  the  ideas  of  Lamarck  and, 
conversely,  less  importance  to  the  ideas  of  Darwin. 

Did  time  permit  I  should  like  to  go  into  an  analysis  of  Lamarck's 
'^Philosophic  zoologique"  and  show  how  the  genius  of  this  illus- 
trious French  naturalist  anticipated  a  very  large  part  of  that  which 
Darwin  subsequently  so  laboriously  helped  to  establish.  I  must 
pass  the  subject,  however,  and  simply  record  my  surprise  that  one 
who  was  otherwise  so  honest  and  fair  toward  other  writers  was  so 
evidently  unfair  in  his  estimate  of  the  work  of  Lamarck,  as  Darwin, 
in  the'*  Life  and  Letters,"  is  shown  to  have  been.  It  is  incom- 
prehensible, reading  Lamai*ck  with  our  present  knowledge,  that 
Darwin  should  have  found  neither  fact  nor  ideas  in  a  book  which 
abounds  in  both,  except  on  the  theoiy  of  a  poor  translation  or  that 
strange  national  antipathy  which  has  so  often  prevented  the  people 
of  one  country  from  doing  justice  to  those  of  the  other,  and  which 
so  long  prejudiced  the  French  Academy  against  Darwin's  own  es- 
pecial theories. 

Darwinism  assumes  essential  ignorance  of  the  causes  of  variation 
and  is  based  on  the  inherent  tendency  thereto  in  the  offspring. 
Lamarckism,  on  the  contrary,  recognizes  in  use  and  disuse,  desire 
and  the  physical  environment,  immediate  causes  of  variation  affect- 
ing the  individual  and  transmitted  to  the  offspring  in  which  it  may 
be  intensified  again  both  by  inheritance  and  further  individual 
modification.  Both  represent  important  principles  in  evolution  and 
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cooperate  to  bring  about  the  results.  The  theory  I  propose  gives 
renewed  importance  to  the  Lamarckian  factors  by  showing  one 
manner  of  their  action  not  previously  urged  and  it  also  helps  us  to 
a  tangible  and  scientific  conception  of  design. 

Acceleration  and  Retardation. — In  this  rapid  glance  at  the  imme- 
diate causes  of  variation  we  have  discussed  some  factors  which,  in 
some  degree,  represent  laws  rather  than  inducing  causes  of  varia- 
tion. This  difficulty  appertains  to  all  attempts  at  formulation  of 
the  causes  of  variation,  and  only  as  our  actual  knowledge  increases 
shall  we  be  able  succinctly  and  definitely  to  classify  the  factors. 
There  are,  however,  certain  important  laws  which  have  influenced 
modification  but  in  no  sense  can  be  looked  upon  as  causes  of  va- 
riation. They  are  laws  or  principles  of  evolution  by  which  we  may 
account  for  the  formation  of  types,  acting,  just  as  natural  selec- 
tion does,  in  differentiating  rather  than  in  originating  the  variation. 
No  one  can  have  followed  the  important  and  suggestive  works  of 
Cope  and  Hyatt  on  the  subject  of  acceleration  and  retardation  and 
not  feel  that  it  expresses  an  important  law  of  this  kind.  It  is,  as 
I  understand  it,  a  factor  in  evolution  not  comparable  with  the  prin- 
ciple of  natural  selection,  but  complementary  thereto,  much  in  the 
same  way  as  physiological  selection  and  sexual  selection  are.  It 
is  an  attempt  to  give  expression  and  form  to  a  set  of  facts  to  which 
palaeontology  undoubtedly  points  and  which  ontogeny  substan- 
tiates, viz.,  that  certain  types  may  attain  perfection  in  time  and 
then  retrogress  and  finally  become  extinct,  and  that  existing  types 
which  are  dying  out,  or  degenerating,  exhibit,  ontogenically,  the 
culmination  of  force  and  complexity,  followed  by  decadence,  cor- 
responding to  the  phylogenic  history  of  the  type.  We  know, 
from  the  '^Life  and  Letters,"  that  Darwin  gave  up  in  despair  the 
attempt  to  grasp  the  full  meaning  of  these  particular  views  of  our 
associates,  and  in  a  letter  to  Hyatt,  with  characteristic  modesty, 
he  attributes  this  inability  to  his  own  dulness  rather  than  to  any 
weakness  in  the  theory.  Others  have  experienced  the  same  diffi- 
culty and  believe,  with  Professor  Morse,  that  the  facts  enumerated, 
as  well  as  the  facts  of  exact  and  inexact  parallelism  are  explicable 
on  the  doctrine  of  natural  selection.  This  is  true,  it  seems  to  me, 
only  on  the  broader,  unjustified  interpretation  of  the  doctrine  to 
which  I  have  previously  alluded  in  the  opening  of  these  remarks. 
The  law  of  acceleration  and  retardation  may,  perhaps,  be  substan- 
tially stated  in  this  wise :  that  certain  groups  acquire  some  charac- 
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ters  rapidly,  while  corresponding  groups  acquire  the  same  charac- 
ters more  slowly,  or  never  acquire  them  at  all,  and  this  brings  us  to 
another  important  factor  of  evolution  which  serves  to  give  force  to 
the  law. 

.  Acceleration  by  Primogeniture. — This  has  been  elaborated  by 
Hubrecht.  He  argues  that  so  long  as  the  parent  form  remained 
most  in  harmony  with  the  surrounding  conditions  it  would  main- 
tain in  the  struggle  for  existence  its  characteristics  against  all  ten^ 
dency  to  vary  in  its  offspring ;  which  is  equivalent  to  saying  that 
it  will  remain  unchanged  so  long  as  the  environment  remains  the 
same.  He  then  shows  that  in  organisms  in  which  the  reproductive 
period  covers  many  years,  accelerated  development  by  primogeni- 
ture, i,  e.,  as  between  the  first  born  and  the  last  born  of  any  pair 
and  of  their  posterity,  will,  in  time,  produce  differentiation.  The- 
series  of  the  first  born  will,  in  the  course  of  time,  involve  many  gen- 
erations at  short  distances  from  each  other,  whereas,  the  series  of 
the  last  born  will,  on  the  contrary,  consist  of  a  much  smaller  num^ 
ber  of  terms  each  separated  from  its  predecessor  by  a  more  con- 
siderable distance.  Any  tendency  to  variation  from  external  or  in- 
ternal influences  must  needs  find  more  numerous  occasions  to  act 
in  the  series  of  the  first  born,  not  only  because  these  have  a  more- 
composite  ancestry  but  because  they  necessarily  become  the  most 
numerous.  In  other  words,  the  chances  are  more  numerous  for 
small  differences  among  the  first  born  series,  and  in  proportion  as 
such  differences  are  accumulated,  intercrossing  and  bastardizing 
with  the  series  of  the  last  born  will  become  rarer.  This  law  will 
gain  from  physiological  selection  and,  it  seems  to  me,  throws  addi- 
tional light  on  that  of  acceleration  and  retardation.  It  must  act  more 
particularly  among  higher  animals  where  the  reproductive  period 
is  lengthened  and  the  time  between  the  first  and  last  born  is  great. 
Saltation, — We  are  thus  led  to  what  have  been  called  saltations 
in  evolution.  Although  the  history  of  palaeontology  has  contin- 
ually added  to  our  knowledge  of  past  forms,  and  helped  to  fill  up 
many  gaps  in  the  evolutional  series,  and  although,  during  the  last 
quarter  of  a  century,  it  has  particularly  vindicated  Darwin's  proph- 
ecy that  many  links  would  yet  be  found,  the  substantial  truth 
remains  that  gaps  still  occur,  and  that  progress,  so  far  as  present 
knowledge  indicates,  has  been  made  by  occasional  saltations. 
There  have  been,  it  would  seem,  periods  of  rapid  movement,  and 
of  comparative  repose,  or  readjustment  of  equilibrium.    Cope  con- 

A.  A.  A.  8.   VOL.  XXXVn.  17 


:258  SEcnoK  f. 

-eludes  that,  "genera  and  bigker  categories  have  appeared  in  geo- 
logic histoiy  by  more  or  less  abrupt  transitions  or  esppression  points^ 
rather  than  by  uniform  gradual  successions." 

One  of  Pictet's  strongest  points,  in  opposition  to  Darwin's  the- 
ory, which  struck  Darwin  himself  with  much  force,  was  that  it 
ill  agreed  with  the  history  of  organisms  with  well  marked  and  de- 
fined forms,  which  seem  to  have  existed  during  but  a  limited  period, 
as  for  instance,  the  flying  reptiles,  the  Ichthyosaurs,  Belemnites, 
Ammonites,  etc.  Some  authors,  who  have  fully  recognized  these 
gaps  or  leaps  in  the  developmental  history  of  animals,  yet  believe 
them  to  be  consistent  with  the  theory  of  gradual  modification.  It 
may  be  only  one  individual  of  many  which  becomes  modified  and 
transmits  the  modificatioit  to  descendants :  it  may  be  but  one  spe- 
cies of  a  genus  which,  for  similar  reasons,  supersedes  the  rest  which 
become  extinct  in  time  proportioned  to  prolificacy. 

There  is  no  reason  to  suppose  that  the  history  of  organic  life  has 
diflfered  in  this  respect  from  that  of  inorganic.  We  need  not  dis- 
cuss here  the  question  of  catastrophism  and  uniformitarianism  in 
geology.  However  much  the  latter  prevails  at  the  present  time, 
both  have  doubtless  operated  in  the  past.  Catastrophism  would 
necessarily  produce  gaps,  or  saltations,  in  the  palseontological 
record,  as  only  the  more  plastic  species  would  adapt  themselves 
and  survive  under  its  influence.  It  is  not  gaps  due  to  such  causes 
that  are  here  to  be  considered,  however,  but  those  which  occur  in 
uniform  strata.  Haldeman  has  most  suggestively  remarked  that 
the  same  mineral  will  crystallize  with  three,  six  or  twelve  angles, 
but  not  with  five  or  seven,  and  he  asks :  are  the  facts  of  organic 
morphism  subject  to  less  definite  laws  ?  Cope  has  drawn  another 
illustration  from  inorganic  forces,  in  the  three  great  changes  in 
water,  from  solid,  liquid  and  vapor,  which  take  place  suddenly  at 
what  may  be  called  three  expression  points  of  the  thermometer,  the 
many  intervening  degrees  involving  no  change.  Rhythm  or  wave 
movement  would  seem  to  be  a  universal  attribute  of  matter,  whether 
organic  or  inorganic.  The  forces  of  nature  are  constant,  but  the 
phenomena  induced  are  often  paroxysmal.  The  progressive  forces 
accumulate,  while  the  conservative  forces  resist  until  at  last  resist- 
ance gives  way  with  comparative  suddenness.  There  is  every  rea- 
son to  believe  that  the  life  movement,  in  its  ascending  complexity, 
has  shared  this  common  law.  Accumulation  is  proportioned  to  the 
change  in  environment,  and  resistance  to  the  age  or  rigidity  of  the 
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organism.  The  latter  may  be  strong  enough  to  end  in  death  or 
extinction,  or  it  may  break  down  and,  with  comparatively  sudden 
yielding  and  conformity  to  necessity,  burst  the  confines,  and  begin 
a  new  series  of  variations  and  adaptations.  In  either  case  we  have 
breaks,  because  the  dying  or  dropping  out  of  one  type  makes  room 
for  another,  more  accommodating.  Rapid  evolution,  from  causes 
already  discussed,  implies  gaps  which  must  be  marked  according  as 
the  strength  of  the  conservative  forces  and  the  violence  of  the  final 
accommodation  are  great,  and  because  sudden  breaks  are  more  apt 
to  occur  after  long  periods  of  stability.  The  break  may  be  in- 
duced by  changes  in  physical  environment  or  without  such  change ; 
if  the  latter,  it  will  more  likely  occur  in  some  individual,  born 
with  a  marked  departure  from  the  type  that  gives  it  some  advan- 
tage, and  whose  issue  will  in  time  supplant  all  other  individuals. 
In  either  case,  we  shall  have,  palseontologically,  distinct  species  or 
genera,  one  superposed  on  the  other,  without  links.  To  the  imper- 
fection of  the  geologic  record  is  to  be  attributed,  no  doubt,  a  large 
number  of  these  gaps  yet  existing  between  types,  and  many  im- 
portant links,  or  branches,  are  yet  to  be  discovered.  Yet  the  views 
we  have  been  considering  should  absolve  evolutionists  from  all 
necessity  of  demonstrating  the  more  minute  gradations ;  because, 
in  deposits  like  the  Tertiary,  during  which  w6  may  assume  life- 
conditions  to  have  remained  comparatively  uniform,  these  saltations 
take  place.  Saltation,  or,  what  is  probably  a  truer  expression, 
wave-movement,  would  indeed  seem  to  be  a  prerequisite  of  prog- 
ress and  will  account  for  much  that  is  going  on  even  at  the  pres- 
ent day.  In  artificial  selection  by  man  we  find  that  it  is  at  first 
comparatively  easy  to  accumulate  minute  peculiarities  and  varia- 
tions by  rigid  breeding  and  exclusion  of  all  deviation ;  but  that 
we  soon  arrive  at  a  fixed  point  which  is  maintained  at  first  with 
difi9culty  but  with  increasing  ease  with  each  generation.  During 
these  more  fixed  periods  the  potentiality  for  change  is  doubtless  in- 
creasing, until  at  last  it  is  suddenly  manifested  in  renewed  varia- 
tion. Rest  is  followed  by  activity  just  as  surely  as  activity  induces 
and  requires  rest. 

There  is  a  limit  to  development  in  organs,  just  as  there  is  a  limit 
to  individual  mental  growth.  Weariness  of  previous  effort  comes 
upon  us  when  the  limit  of  result  is  attained,  accompanied  by  great 
longing  for  change  and  not  infrequently  with  revulsion  from  pre- 
vious efibrt.     The  naturalist  who  has  devoted  a  part  of  his  life  to 
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the  persistent  accumulation  of  facts  and  specimens,  has  held  the 
imaginative  and  generalizing  powers  in  abeyance  during  that  period. 
The  reserve  brain  force  in  this  direction  may  be  suddenly  called 
into  activity  by  exhaustion  in  the  other,  and  the  process  may  per- 
haps be  comparable  to  the  exhaustion  of  the  soil  for  one  particular 
crop,  without  lessening  its  fertility  for  some  other,  the  recognition 
of  which  fact  is  the  foundation  of  all  successful  agriculture.  Ex- 
cess of  development,  whether  in  body  or  mind,  inevitably  brings 
about  either  wholesome  reaction  or  utter  collapse. 

How  far  the  rhythmic  tendency  in  the  development  of  animal 
life  may  be  explained  by  the  rapid  change  of  climate,  by  migration 
and  the  loss  of  record,  or  upon  the  general  law  that  while  there 
has  been  progress  of  the  whole,  there  has  not  necessarily  been 
progress  of  every  part,  it  would  take  us  too  far  to  discuss  in  this 
connection.  I  think  we  are  safe  in  saying,  however,  that  the  facts 
justify  belief  that,  in  the  evolution  of  animal  life,  as  in  the  evolu- 
tion of  everything  else,  progress  has  often  been  made  by^  waves. 

TJie  Fiskean  Law. — With  regard  to  what  may  be  called  the  Fisk- 
ean  law  of  correlation  between  brain  development  and  infantile 
dependency,  Fiske  has  so  admirably  elaborated  the  subject  that  it 
needs  no  further  elucidation  here  as  the  principal  factor  in  the  ev- 
olution in  man,  first,  of  the  family  relation,  then  of  the  clan,  the 
tribe  and  the  nation.  With  this  factor  in  mind,  and  the  immense 
superiority  which  anthropoid  man  must  have  had,  when  brain  de- 
velopment had  once  induced  this  fundamental  community  of  inter- 
est, over  the  rest  of  brute  creation,  the  gap  between  primitive  man 
and  the  higher  anthropoid  apes  in  the  past  or  between  the  present 
lower  races  of  man  and  the  higher  existing  primates  is  easily  ex- 
plained, even  if  it  had  not  been  greatly  exaggerated.  At  the  pres- 
ent time  we  may  note  and  record  the  further  inevitable  increase 
in  the  gap,  for  the  lower  races  of  man  are  gradually  becoming  ex- 
tinct and  the  higher  apes  cannot  long  hold  their  own  or  persist. 

The  Brooksian  Hypothesis.  —1  have  already  alluded  to  Brooks's 
hypothesis  under  the  head  of  sexual  differentiation,  and  his  work 
on  Heredity  must  be  so  familiar  to  you  that  his  views  need  but 
a  passing  notice.  He  believes  that  sex  differentiation  means  fun- 
damentally a  physiological  division  of  labor  and  that  the  male  is 
essentially  the  progressive  or  diversifying  and  the  female  the  con- 
servative agent.  As  organisms  gradually  increased  in  size,  as  the 
number  of  cells  in  their  bodies  became  greater,  and  as  the  differ- 
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entiation  and  specialization  of  these  cells  became  more  and  more 
marked,  one  element,  the  male  cell,  became  adapted  for  storing  up 
gemmules  and,  at  the  same  time,  gradually  lost  its  unnecessary 
and  useless  power  to  transmit  hereditary  characteristics. 

The  theory  finds  support  in  some  of  the  phenomena  of  life  and 
doubtless  expresses  a  law  not  easily  established,  for  which  reason 
it  will  not  be  readily  accepted.  It  leaves  entirely  out  of  consider- 
ation some  of  the  forces  at  work  which  I  have  already  indicated 
and  in  so  far  must  be  considered  only  a  law  of  secondary  impor- 
tance. However  much  we  may  admit  the  general  truth  that  the 
germ  cell  continues  the  past  and  the  sperm  cell  tends  to  diverge 
from  it,  as  a  purely  dynamic  proposition,  inducing  variation  for 
natural  selection  to  play  upon,  it  does  not  in  any  way  decrease  the 
overwhelming  importance  of  the  female  in  inducing,  through  psy- 
chicb-physiological  influences,  a  needed  and  purposeful  modifica- 
tion in  the  manner  which  I  have  already  expounded. 

Having  thus  considered  some  of  the  proximate  causes  of  varia- 
tion and  some  of  the  more  general  laws  of  evolution  we  are  natu- 
rally led,  in  conclusion,  to  consideration  of  original  or  Infinite  Cause. 
Far  be  it  from  me  to  try  your  patience  with  any  prolonged  specu- 
lation upon  the  more  profound  problems  of  life  and  of  futurity 
which  have  been  dealt  with  by  able  men  of  all  times  and  with  such 
confiicting  and  varying  results.  I  shall  content  mj'self,  in  closing, 
with  a  few  words  upon  those  themes  which,  as  biologists,  we  can- 
not ignore,  and  to  which  the  subjects  we  have  been  considering  in- 
evitably lead. 

Mind,  as  exhibited  in  organic  evolution,  however  simple  or  com- 
plex may  be  its  manifestations,  is,  in  essence,  one  and  the  same 
force.  There  is  an  undoubted  gradation  from  simple  sensitiveness 
and  volition,  to  the  more  complex  instinctive  and  reasoning  facul- 
ties of  higher  animals.  The  concensus  of  opinion  of  biologists 
who  have  given  the  subject  any  serious  consideration  is  that  ani- 
mals exhibit  all  our  mental  endowments  in  degree.  They  possess 
desire,  aflTections,  imagination,  memory,  comparison,  judgment, 
and  all  the  other  attributes  of  human  intellect,  more  or  less  per- 
fectly developed,  and  there  should  be  no  more  doubt  of  the  gradual 
evolution  of  man's  intellect  from  preexisting  lower  and  simple 
forms  of  aggregate  mind,  than  there  is  in  the  derivation  of  his  more 
complex  and  powerful  brain  (the  medium  of  mind)  from  smaller  and 
simpler  brains,  or  of  his  body  from  simpler,  less  specialized  forms. 
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Some  of  our  profounder  thinkers  feel  that  all  the  phenomena  of 
the  universe  are  but  forms  of  motion,  and  that  the  great  final  and 
creative  force  may  best  be  imagined  as  the  centre  and  the  source 
of  motion.  In  this  light,  it  is,  perhaps,  not  too  much  of  an  exag- 
geration to  conceding  to  plants  a  certain  amount  of  mind,  and  in 
establishing  the  fact  of  universal  movement  in  plants  ;  in  showing 
that  circumnutation  is  an  inherent  quality  or  manifestation  of  plant 
life,  Darwin  may  well  be  said,  as  Professor  Ward  has  expressed  it, 
''  to  have  gotten  at  the  final  cause  of  all  evolution."  Indeed,  it 
must  be  difiScult  for  a  botanist,  considering  that  all  the  terminals 
of  a  plant,  whether  beneath  or  above  the  ground,  are  constantly 
feeling  and  choosing ;  or  when  he  reflects  on  the  wonderful  motions 
and  selecting  power  of  climbing  plants,  but  more  particularly  on 
the  strange  phenomena  exhibited  by  insectivorous  and  entomoph- 
ilous  plants  ;  it  must  be  difllcult  for  him,  I  say,  to  relegate  to  the 
limbo  of  the  unconscious,  the  whole  of  his  pet  kingdom.  In  his 
letters,  especially  to  Hooker,  Darwin  says,  speaking  of  the  circum- 
nutation of  Echinocystis  hbata:  ^^The  tendrils  have  some  sense,  for 
they  do  not  grasp  each  other  when  young,"  and  again  of  the  move- 
ments caused  by  light,  gravitation,  etc.,  he  says :  ^'  It  has  always 
pleased  me  to  exalt  plants  in  the  scale  of  organized  beings,  and  I 
have  therefore  felt  an  additional  pleasure  in  showing  how  many 
and  what  well  adapted  movements  the  tip  of  a  root  possesses."  In 
studying  the  movement  of  flowers,  especially  in  their  sexual  rela- 
tions, I  have  often  felt,  with  the  poet  that : 

^  "  Tis  my  faith, 

That  every  flower  enjoys  the  air  it  breathes" 

and  that,  however  much  conscious  sensation  may  have  lapsed  in 
most  of  their  manifestations  of  growth,  sensation  may  still  be  con- 
scious, and  mind  still  work,  in  dim  fashion,  during  the  season  of 
reproduction,  in  the  specialized  and  reproductive  parts.  It  may 
be  a  fancy,  but  who  can  prove  it  unjustified? 

Where,  then,  shall  we  draw  the  line  in  the  evolution  of  mind  be- 
tween the  high  degrees  of  consciousness  in  animals  and  self-con- 
sciousness which  is  believed  to  be  a  peculiarly  human  attribute  and 
at  the  foundation  of  all  that  constitutes  con-science  and  makes  him 
a  moral  and  responsible  being?  The  beginnings  of  self-conscious- 
ness are  traceable  in  animals,  since  many  of  the  phenomena  of 
sexual  selection  and  the  well  known  sense  of  shame  in  our  domes- 
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tic  associates  could  scarcely  have  resulted  without  it,  and  it  seems 
to  me  illogical  to  argue,  as  some  of  our  best  writers  on  evolution 
have  done,  that  self-consciousness  is  an  attribute  that  must  have 
been  breathed  into  man  by  special,  supernatural  act. 

From  the  consideration  of  the  general  subject  of  mind  in  nature, 
we  are  brought  inevitably  to  the  question  of  Design.  There  can 
be  no  doubt  that  the  tendency  of  evolution  has  been  to  remove 
further  and  further  the  idea  of  an  Infinite  First  Cause,  and  pure 
Darwinism  exhibits  to  us  a  cold  and  cruel  world,— exemplifying 
the  Hobbesian  theory  of  self-love,  nothing  having  any  reason  for 
existence  except  its  own  welfare.  It  leaves  out  all  the  higher  be- 
atitudes of  nature,  the  higher  aspirations  of  men,  and  all  those  in- 
ternal yearnings  or  laws  of  internal  growth  and  influence,  not  for 
the  individual  alone,  but  for  the  good  of  the  whole.  Natural  se- 
lection, while  not  disproving  Design,  pushes  back  the  argument 
and  limits  it  to  the  order  of  nature  as  a  whole,  since  much  of  the 
.modification  and  adaptation  is  accounted  for  by  known  and  rec- 
ognized physical  conditions.  The  argument  for  design,  however, 
as  Asa  Gray  has  so  well  set  forbli,  rests  on  the  fact  that  the  de- 
signed and  the  contingent  can  never  be  accurately  discriminated 
and  that  limitation,  in  the  very  nature  of  the  case,  is  inconceivable. 
There  are  those  who  see  only  in  nature  the  inevitable  and  neces- 
sary manifestation  of  the  forces  of  the  universe,  and  assume  them 
to  have  been  without  beginning  and  to  be  without  end.  There  are 
others  who  find  in  the  unity — the  oneness — of  the  forces  of  nature 
full  evidence  of  Design.  So  far  as  logical  inquiry  will  aid  us,  the 
recent  controversy  between  Messrs.  Cope  and  Montgomery  may  be 
cited  as  typical  of  that  which  has  always  separated  the  two  schools, 
and  sufl9ciently  shows  how  opposite  conclusions  may  be  reached 
by  those  equally  able  and  equally  conversant  with  the  evidence. 
The  former  contends  that  mind  exists  independent  of  matter,  or, 
to  use  his  own  <vords,  ^^primitive  consciousness  exists  in  primitive 
forms  of  matter  and  constitutes  a  primitive  person,  or  Deity  ;''  while 
the  latter  maintains  that  the  mind  of  living  beings  is,  itself,  only 
a  product,  or  outcome  of  their  organization. 

Darwin,  as  is  evident  from  the  "Life  and  Letters,"  was  induced 
by  his  life-work  gradually  to  abandon  the  rigid  tenets  of  the  Chris- 
tian church,  and  to  substitute  therefor  a  more  latitudinarian  form 
of  belief.  He  was  content  to  limit  his  investigations  to  truly  scien- 
tific methods,  realizing  fully  that  all  speculation  in  reference  to  the 
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great  First  Cause  involves  the  discussion  of  the  supernatural  which 
is  necessarily  be3'ond  the  natural.  The  discussion  of  these  ques- 
tions can  be  very  little  affected  by  the  methods  of  natural  science 
and  the  more  thoroughly  we  recognize  this  fact  the  better  it  will 
be  for  both  religion  and  science.  It  ill  becomes  us  to  be  dogmatic 
in  questions  beyond  the  limits  of  induction,  or  where  the  mind  at- 
tempts to  fathom  by  deduction  and  speculation.  Natural  science 
necessarily  deals  with  natural  causation. 

A  few  expressions  from  the  '^  Life  and  Letters  "  may  he  quoted 
here.  Darwin  says :  ^^The  old  argument  of  design  in  nature,  as  given 
by  Paley,  fails  now  that  the  law  of  natural  selection  has  been  dis- 
covered. We  can  no  longer  argue,  for  instance,  that  the  beautiful 
hinge  of  a  bivalve  must  have  been  made  by  an  intelligent  being, 
like  the  hinge  of  a  door  by  man.  There  can  be  no  more  design  in 
the  variability  of  organic  beings  and  in  the  action  of  natural  selec- 
tion, than  in  the  course  the  wind  blows."  He  asks  whether  we  are 
to  believe  that  organic  forms  in  nature  are  preordained.  If  so, 
why  should  we  not  believe  that  the  variations  of  domestic  animals 
and  plants  have  been  preordained  for  the  sake  of  the  breeder ;  yet 
if  we  give  up  the  principle  in  the  one  case  we  must  do  so  in  the 
other.  Again  :  ^^No  shadow  of  reason  can  be  assigned  for  the  be- 
lief that  variations  in  nature  have  not  been  the  result  of  the  same 
general  laws  which  have  formed  the  groundwork,  through  natural 
selection,  for  the  formation  of  the  most  perfectly  adapted  animals 
in  the  world,  man  included,  without  intentional  or  specific  guide.'* 
Yet,  while  he  was  willing  to  remain  an  agnostic,  feeling  that  the 
beginning  is  insoluble  by  us,  he  gave  some  of  the  most  cogent  rea- 
sons, aside  from  the  feelings  and  emotions,  for  the  belief  in  the  ex- 
istence of  a  First  Cause — of  a  God.  In  his  correspondence  with 
Gray,  he  shows  how  he  cannot  bring  himself  to  believe  that  a 
beneficent  and  omnipotent  God  could  have  designed  the  charac- 
teristics of  parasitic  and  carnivorous  creatures,  with  all  the  other 
heartless  manifestations  in  nature.  Yet  he  was  not  content,  in  com- 
templating  the  nature  of  man,  with  the  idea  that  everything  is  the 
result  of  blind  force.  He  believed  in  design  with  the  details,  whether 
for  good  or  bad,  left  to  the  working  of  what,  for  want  of  a  belter 
term,  we  call  chance.  With  the  utmost  candor,  he  confessed  that  this 
view  was  not  at  all  satisfactory  to  him,  but  that  the  whole  subject 
was  too  profound  for  the  human  mind,  likening  our  speculations 
upon  it  to  those  of  a  dog  on  the  mind  of  Newton,  and  believing 
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that  each  man  should  hope  and  believe  what  he  could.  Again,  in 
a  letter  to  Lyell,  June  4,  1860,  he  remarks,  ^'  As  squared  stones, 
bricks  or  timber  are  indispensable  materials  for  a  building  and  in- 
fluence its  character,  so  is  variability  indispensable  in  influencing 
selection  ;"  and  that,  ^^  in  the  same  manner  as  an  architect  is  the 
all-important  person  in  the  building,  so  is  selection  with  organic 
bodies."  The  parallel  is  evidently  weak  here  and  we  may  well  in- 
sist that  from  Darwin's  own  statement,  the  idea  of  an  intelligent 
architect  or  designer  in  the  one  case  is  as  all-important  as  in  the 
other.  The  same  is  true  to  some  extent  of  the  argument  from  ar- 
tificial selection,  or  the  manner  in  which  intelligent  action  in  man 
acts  on  domestic  or  cultivated  organisms.  This  is  not  limited  to 
the  mere  choosing  of  chance  variation  in  beneficial  directions,  but 
involves  also  purposeful  feeding,  training  and  treatment,  to  induce 
the  desired  amelioration  and  variation.  Just  as  the  production  of 
new  forms  among  domestic  animals  or  cultivated  plants  implies  a 
puipose — a  designer ;  so  may  the  origination  of  such  forms  in  Na- 
ture imply  intelligent  design.  Both  Lyell  and  Gray  believed  in 
the  form  of  variation  having  been  planned  or  designed.  It  seems 
to  me  that  the  evidences  of  design  in  nature  are  so  overwhelming 
that  its  advocates  have  an  immense  advantage  over  those  who 
would  discard  it.  A  fortuitous  cosmos  is,  to  most  persons,  utterly 
inconceivable ;  yet  there  is  no  other  alternative  than  a  designed 
cosmos.  To  accomplish  anything  by  a  process,  or  by  an  instru- 
ment, argues  greater,  not  less  power,  than  to  do  it  directly,  and 
even  if  we  knew  to-day  all  the  causes  of  variation,  and  understood 
more  thoroughly  than  we  do  the  method  of  evolution,  we  should 
only  carry  the  sequence  of  causes  a  step  farther  back  and  get  no 
nearer  to  the  Infinite  or  Original  Cause. 

The  most  philosophic  view  is,  probably,  that  which,  while  rec- 
ognizing an  intelligent  creative  power,  or  mind,  which  has  worked 
and  is  yet  working  through  ordained  laws,  yet  leaves  the  detailed 
manifestations  to  secondary  causes  and  finite  action.  Limiting 
conditions,  or  laws,  since  law  is  but  a  limiting  condition  and  nature 
an  active  power,  may  act  together  in  producing  secondary  causes 
but  the  great  and  Infinite  Cause  may  be  looked  upon  as  that  which 
upholds  the  universe. 

The  tendency  of  those  who  would  advance  theological  conceptions 
from  evolutional  grounds  is  doubtless  to  some  monotheistic  form, 
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or  a  sort  of  psychical  pantheism,  which  sees  the  Infinite  immanent 
in  Nature  —  an  all-pervading,  interpenetrating  Essence.  This  is 
the  All-conscious,  and  I  know  of  no  better  intellectual  conception 
of  immortality  than  resolution  of  the  finite  individual  life  and  con- 
science into  the  All-life,  All-conscious — a  conception  justified  and 
aflSi-med  as  it  is  by  evolution.  But  the  one  great  point  which  I  wish 
to  emphasize  in  alluding  to  these  differing  views  is,  that,  beyond 
the  limits  of  the  scientific  method,  speculation  becomes  faith  and 
the  most  profound  writers  are  obliged  to  use  the  simple  I  believe 
which  most  theologians  begin  with.  The  sentiments  which  consti- 
tute true  religion  —  the  sense  of  impenetrable  mystery  and  moral 
obligation ;  the  higher  humanitarian  promptings  and  hope  of  fu- 
ture life, —  are  apart  from  science  and  cannot,  therefore,  be  affected 
injuriously  by  its  methods. 

Evolution  logically  involves  the  idea  of  the  origination  of  life 
from  the  inorganic  forces  at  work  on  our  globe  and  only  in  this 
sense  does  it  modify  our  conception  of  the  Creator.  The  one  vivi- 
fying force  in  nature  must  needs  be  an  endless  soui*ce  of  power  and 
movement,  with  the  potency  of  all  tliat  is  in  what  we  call  universe. 
Art  and  plan  being  manifest  therein  the  power  must  needs  be  in- 
telligent, and  we  can  compare  it  with  nothing  more  satisfactorily 
than  with  our  own  conscious  thinking  power,  whether  we  call  it 
soul,  spirit,  the  Absolute,  the  Infinite,  the  Unconditioned,  the  Un- 
knowable, the  Creator,  the  Divine  Mind,  the  Supreme  Will,  God,  or 
by  what  other  nominis  umbra  we  choose  to  express  the  conception. 

And  now.  Ladies  and  Gentlemen,  wisdom  admonishes  me  to  be 
brief.  I  have  ventured  just  within  the  question  of  design  because 
of  the  prevalent  belief  that  evolution  eliminates  it  fix>ra  our  con- 
ception, and  because  I  have  felt  that  as  between  the  extreme  schools 
the  middle  ground  chosen  by  our  late  lamented  Gray,  is  far  the 
more  satisfactory  and  philosophical.  On  the  other  great  question 
of  what  life  is,  or  how  it  originated,  I  commend  the  candor  of  Marsh 
in  closing  his  address  as  president  of  the  Association  in  1877  with 
the  words  '^In  this  long  history  of  life,  I  have  said  nothing  of  what 
life  is.     And  for  the  best  of  reasons,  because  I  know  nothing." 

If  we  endeavor  to  formulate  the  idea  of  life  we  shall  not  lack 
for  excellent  guidance  in  past  utterances  of  those  who  have  been 
and  who  are  yet  members  of  this  section  of  the  Association.  In 
fact  we  may  well  feel  proud  to  live  in  the  generation  which  has  pro- 
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duced  some  of  the  ablest  experimenters  whose  work  will  have  en- 
during influence  in  bringing  us  nearer  to  a  true  comprehension  of 
the  forces  under  which  we  live.  Professor  Barker,  in  his  presi- 
dential address  for  1880,  on  ^'  Some  modern  aspects  of  the  life 
question,"  seemed  to  some  of  us  on  the  verge  of  chemically  and 
phj'sically  explaining  and  defining  the  thing  itself;  and,  yet,  though 
we  seemed,  while  listening,  to  near  the  gates  which  opened  the 
secret  we  got  but  a  glimpse  into  the  great  mystery.  It  matters 
very  little  whether  we  follow  the  great  writers  who  have  wrestled 
with  this  question  in  the  past,  or  those  who  have  been  or  are  still 
with  us,  we  must  acknowledge  our  utter  incapacity  to  comprehend 
the  most  patent  phenomena  of  our  being.  We  try  in  vain  to  an- 
alyze life  ;  we  try  equally  in  vain  to  measure  thought. 

A  little  transparent  colorless  material  christened  protoplasm  is 
believed  to  be  the  physical  basis  of  life  and  the  seat  of  all  those 
marvellous  powers  and  properties  belonging  thereto.  We  may  trace 
back  from  death  and  dissolution  the  individual  life  to  its  very  gen- 
esis in  the  organized  cell,  or  ovum  ;  we  may  go  farther  back,  and 
trace  it  to  the  unorganized  nitrogenous  hydro-carbon  compound 
which  has  been  named  protoplasm  ;  but  we  yet  fail  to  apprehend 
the  cause  of  its  vital  functions,  of  its  powers  of  assimilation,  irrita- 
bility and  reproduction — the  potentiality  of  the  living  as  compared 
with  the  dead  stuff.  So  in  the  past  history  of  the  type,  we  are  led 
back  to  the  same  mystery.  Ontogeny  and  phylogeny  alike  lead 
us  to  the  riddle  of  the  beginning  of  life.  Huxley  may  well  say  that 
the  process  of  development  of  the  egg,  like  that  of  the  seed,  is 
neither  more  nor  less  mysterious  than  that  by  virtue  of  which  the 
molecules  of  water,  at  the  freezing  point,  build  themselves  into  reg- 
ular crystals.  In  either  case  it  must  be  very  largely  a  question  of 
temperature.  But  while  in  the  case  of  water  the  effect  is  at  a  fixed 
degree,  in  the  case  of  organic  life  the  degree  is  variable.  We  may 
say,  with  one  of  our  most  profound  and  respected  writers,  that  or- 
ganic compounds  are  ''substances  whose  highly  complex  and  very 
unstable  molecules  are  composed  themselves  of  inorganic  com- 
pounds or  of  organic  compounds  of  lower  organizeition  formed  on 
the  cool  surface  of  fully  developed  plants  at  life-supporting  temper- 
atures." We  may  assume  that  increasing  complexity  and  instability 
of  nitrogenous  substances  give  us  proteids  and  finally  protoplasm. 
We  may  find  that  the  forces  upon  which  the  movements  and  changes 
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of  this  substance  depend  are  the  very  same  which  determine  those 
of  a  drop  of  water  or  a  bit  of  mucilage ;  that  all  its  movements 
are  referable  to  the  mechanics  of  molecules  as  exhibited  in  liquids. 
But  the  fact  remains  that  the  physicists  who  help  us  to  a  better  un- 
derstanding of  the  material  properties  and  processes  of  protoplasm 
are  only  dealing  with  the  methods  and  no  more  solving  the  great 
mystery  of  life  than  did  Darwin  or  any  of  the  other  workers  who 
have  helped  us  better  to  comprehend  its  processes. 

It  was  my  privilege  in  years  gone  by  to  meet  frequently  with  a 
little  coterie  of  metaphysicians  in  St.  Louis  which  included  men 
like  Wm.  T.  Harris  and  Thos.  Davidson,  who  have  acquired  na- 
tional reputation.  With  strong  inductive  tendency  of  mind  I  was 
all  the  more  anxious  to  follow  their  erudite  discussions  of  the  phi- 
losophies of  Aristotle,  Kant  and  Hegel,  but  was  too  often  over- 
whelmed with  the  feeling  that  my  friends  were  dealing  in  mere 
words  and  that  philologic  juggling  too  often  passed  for  reason. 
May  we  not  truly  say  the  same  of  those  biologists  who  endeavor  to 
give  us  a  purely  physical  or  materialistic  explanation  of  life?  I 
have  certainly  sometimes  felt,  in  following  their  writings,  that  we 
scarcely  get  away  from  the  thraldom  of  mere  words.  I  JTelt  this 
strongly,  again,  while  listening  to  the  symposium  by  a  number  of 
our  greatest  authorities  (Schafer,  Lankester,  Krause,  H.  M.  Ward, 
Carnoy,  Hartog,  Gardner  and  Sedgwick)  on  the  present  aspects  of 
the  cell  question  at  the  meeting  of  our  sister  society  in  Manchester 
last  autumn  ;  for  if  there  was  one  result  which  clearly  came  out  of 
the  discussion  it  was  that  protoplasm  is  not  a  mere  chemical  sub- 
stance but  a  complex  structure.  Yet  what  stupendous  import  has 
been  given  to  it  in  biologic  literature,  since  Von  Mohl  first  used  it 
to  indicate  the  slimy  substance  within  the  vegetal  cell  and  Huxley 
aggrandized  it  as  the  ^^physical  basis  of  life."  Neither  it,  nor  Lan- 
kester's  plasmogen,  nor  Weismann's  idioplasm,  nor  Coues's  tran- 
scendental biogen,  helps  to  any  more  real  conception  of  life  itself 
than  does  Hinrichs's  pantogen  which  he  calls  the  ^'primary  chemi- 
cal principle  or  the  element  of  elements,"  and  upon  which  he  bases 
his  theory  of  ato-mechanics. 

The  genesis  or  formation  of  individual  life,  in  spite  of  saint  and 
sage,  is  yet  a  mystery  and  probably  always  will  be,  and  the  exact 
site  of  the  origin  of  the  reproductive  cells,  according  to  one  of  our 
best  authorities  (Allen  Thompson),  is  even  a  matter  of  doubt. 


ADDRESS  BT  C.  Y.  RILET.  269 


''Hunt  as  we  will  all  matter  to  the  end, 

Life  flits  before  it:  last  as  first  we  find 

Naught  but  dead  structure  and  the  dust  of  fact ; 

The  infinite  gap  we  cannot  apprehend, 

The  somewhat  that  is  life — the  informing  mind. 


f» 


All  that  evolution  recognizes  is  the  transmutability — the  generic 
identity — of  the  forces  of  Nature,  which,  in  their  aggregate  action, 
may  properly  be  defined  as  omnipresent  energy.  We  know,  as  a 
matter  of  the  simplest  observation,  that  this  combined  force,  or 
energy,  is  essential  to  the  continuance  of  life,  not  only  upon  our 
planet,  but,  deductively,  in  the  universe.  We  are  justified  in  infer- 
ring that  it  is  capable,  under  fit  conditions,  of  originating  life,  from 
what  we  know  as  non-living  matter.  Evolution,  in  fact,  inevitably 
leads  to  the  inference  that  vital  force  is  transmutable  into,  and  de- 
rivable from,  physical  and  chemical  force.  It  implies,  and  neces- 
sarily implies,  abiogenesis,  either  now  or  at  some  remote  period 
in  the  history  of  our  earth  ;  and  notwithstanding  experimentation 
and  advance  in  our  knowledge  of  micro-organisms  overwhelmingly 
refute  Bastian*s  conclusions,  or  the  idea  of  the  present  origination 
of  organic  from  inorganic  matter,  so  far  as  forms  within  our  ken 
are  concerned,  yet  it  seems  to  me  perfectly  logical  to  infer  a  world 
of  beings  which  our  strongest  instruments  fail  to  reveal  to  us, 
among  which  abiogenesis  is  possible  to-day  or  archebiogenesis  was 
in  the  past,  just  as  the  molecule  is  a  necessary  physical  conception 
though  it  may  never  be  revealed  to  us. 

It  may  be  true  that  phylogeny  postulates  the  derivation  of  all 
forms  of  life  from  a  similar  simple  cell  and  that,  to  use  Joseph 
LeConte's  language,  "  the  fundamental  law  of  embryology  teaches 
us  that  the  history  of  the  phylogenetic  evolution  of  organisms  is 
mirrored  in  miniature  in  the  ontogenetic  development  of  each  in- 
dividual ;"  but  in  ontogeny  the  simple  cell  from  which  the  individual 
starts  has  a  potentiality,  a  something  which  makes  it  different  from 
another  and  it  does  not  help  us  much  to  have  this  something  called 
the  memory  of  the  plastidules. 

We  have  thus  been  led,  while  considering  the  causes  of  evolution, 
to  the  conviction  that  they  are  in  the  end  referable  to  an  Infinite 
First  Cause  and  that  evolution  in  nowise  dispels  the  idea  of  a 
Creator,  or  need  in  any  way  affect  religious  sentiment ;  for, while  it 
destroys  much  of  the  folly  and  superstition  that  belong  to  the  ideas 
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which  grew  out  of  the  false  notions  of  cosmogony  prevalent  in  the 
early  infancy  of  the  race,  it  points  to  higher  and  nobler  forms  of 
religion  and  to  a  better  code  of  morals.  Religion  is  born  of  the 
"delirious  yet  divine  desire  to  know,"  and  largely  grows  out  of 
unexplained  phenomena.  Evolution  is  a  principle  which  to-day 
pervades  and  rules  the  whole  realm  of  philosophy.  It  establishes 
a  noble  conception  of  Divine  nature,  and  exhibits  God  in  his  works. 
No  longer  "one  touch  of  Nature"  but,  essentially,  "Evolution," 
"makes  the  whole  world  kin."  It  is  a  bond  that  holds  all  life  to- 
gether. It  shows  us  hian  as  a  part  of  the  life  everywhere  about 
him,  and  promises  advantage  to  him  in  more  intimate  knowledge 
of  that  life  from  which  he  used  to  think  himself  entirely  severed 
by  Supreme  will. 

Evolution  teaches  that  nothing  is  yet  so  perfect  but  it  may  be 
improved ;  that  good  comes  of  the  struggle  with  evil  and  the  one 
can  never  be  dissociated  from  the  other.  The  erect  position  which 
has  given  man  his  intellectual  preeminence,  has  brought  him  man- 
ifold bodily  ills.  No  evolutional  sibyl  looks  to  a  milennium. 
Higher  development  must  ever  mean  struggle.  Evolution  shows 
that  man  is  governed  by  the  same  laws  as  other  animals.  Environ- 
ment has  induced  some  of  his  most  marked  race  characters,  and 
individual  variation  is  greater  in  him  than  in  most  creatures,  and 
this  is  his  surest  promise  of  betterment.  The  dime-museum  is  elo- 
quent of  the  fact  that  were  any  bodily  variation  useful,  from  an 
elastic  skin  to  a  hundred  and  one  abnormal  qualities,  selection 
would  have  no  end  of  variation  to  choose  from.  Differentiation  has 
gone  on  and  is  going  on  to  make  him  the  most  heterogeneous  in 
function,  whether  of  brain  or  muscle,  of  all  species.  The  differ- 
ence between  the  hand  of  a  Josef  Hofmann  and  of  the  average  plow- 
man is  one  which  involves  a  large  number  of  correlated  differences 
and  is  functionally,  if  not  structurally,  greater  than  that  between 
the  non*opposability  of  man's  great  toe  and  its  opposability  in  the 
higher  apes — a  difference  which  has  been  so  much  made  of  but 
which  finds  its  gradations  in  eastern  peoples  who  use  their  toes  in 
"  handling  "  tools. 

Evolution  is  particularly  promising  to  us  as  a  people. 

**  The  spirit  grows  with  its  allotted  spaces; 
The  mind  is  narrowed  in  a  narrow  sphere." 

The  diversified  environment  and  the  commingling  of  so  many 
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nationalities  have  stimulated  variation  and  progress,  making  us  al- 
ready foremost  in  invention  and  material  growth.  The  distinctive 
American  type,  not  yet  fixed  but  forming  rapidly,  must  profoundly 
influence  man's  future  on  the  globe,  and  evolution  teaches  that  by 
so  far  as  the  contest  is  severe  with  those  forces  which  are  disin- 
tegrating and  destructive  to  liberty  will  the  final  improvement  be 
greater.  The  effort  and  advancement  of  to-day,  in  all  directions, 
will  form  the  inheritance  of  future  generations. 

But  the  struggle  for  existence  in  civilized  man  is  no  longer  one 
solely  for  physical  adaptation  to  natural  environment  or  physical 
supremacy,  but  is  one  rather  of  ideas  and  purposes.*  It  goes  on 
in  an  environment  of  intellect  and  morals. 

In  addresses  before  this  Association,  Professor  Morse  has  elo- 
quently alluded  to  some  of  the  more  practical  teachings  of  evolu- 
tion as  they  should  (and  in  the  future  doubtless  will)  affect  gov- 
ernmental and  political  action.  The  higher  forms  of  human  law 
and  order  acquire  meaning  when  we  realize  that  crime  is  largely 
the  persistence  of  ancestral  traits,  and  that  our  laws  are  best  when 
best  suited  to  eliminate  these  barbarous  propensities  from  the  race. 
We  can  scarcely  do  our  duty  even  to  the  criminal  without  a  due 
comprehension  of  the  power  of  heredity  to  jump  back  to  an  ances- 
tral copy  even  in  minutest  detail. 

The  old  forms  of  theology  have  encouraged  a  species  of  para- 
sitism by  denouncing  man,  as  a  whole,  as  condemned  to  eternal 
damnation — as  inherently  wicked  by  inheritance — and  by  offering 
him  salvation  through  the  help  of  others.  Evolution  teaches  the 
care  and  preservation  of  the  body  and  not  its  sacrifice ;  it  teaches 
that  right-living  and  right-doing  ennoble ;  that  inactivity,  parasit- 
ism, viciousness  of  every  kind,  are  degenerative  forces  in  bringing 
disease  and  sufiering  and  retribution.  It  shows  that  the  worst  ills 
are  part  of  a  legacy  which  no  court  admits  to  probate,  but  which 
nature  executes  relentlessly.  It  teaches  the  importance  of  proper 
environment  and  influence,  especially  in  childhood,  in  order  to  im- 
prove what  we  may  inherit  for  good,  and  counteract  what  we  may 
inherit  for  bad.  It  shows  the  necessity  of  establishing  the  habit 
of  right-doing  and  right-thinking  where  the  old  systems  neglected 
both  body  and  mind  and  relied  on  preaching  and  punishment.  It 
teaches  that  our  moral  and  penal  codes  should  be  so  framed  as  to 
prevent  the  propagation  of  diseased  and  vitiate  constitutions.  It 
teaches  that  every  increasing  advance  follows  use  and  effort,  while 
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degeneracy  follows  disuse  and  stagnancy.  It  teaches  that  man  has 
risen  from  a  lower,  not  fallen  from  a  higher  state  ;  that  from  sim- 
ple social  conditions  complex  ethical  conditions  have  resulted.  It 
teaches  that  no  work  is  complete  and  posits  of  man  unlimited  ad- 
vancement in  the  future ;  for  every  advance  in  knowledge  and  every 
new  application  of  science  increase  his  moral  power. 

Ecclesiasticism  lands  the  naturalist  in  skepticism  and  doubt  of 
all  that  has  been  taught  him  as  to  the  past  and  the  future.  Evo- 
lution reveals  a  past  which  disarms  doubt  and  leaves  the  future 
open  with  promise — unceasing  purpose — progress  from  lower  to 
higher.  It  promises  higher  and  higher  intellectual  and  ethical  at- 
tainment, both  for  the  individual  and  the  race.  It  shows  the 
power  of  God  in  what  is  universal,  not  in  the  specific ;  in  the  laws 
of  nature,  not  in  departure  from  them.  It  may  lead  to  some  mod- 
ification, as  compared  with  Judaism,  of  the  ideas  of  the  future  as 
it  has  of  the  past ;  for  if  the  possession  of  the  higher  attributes 
which  we  denominate  by  the  term  Soul  is  the  best  promise  of  im- 
mortality, I  believe  there  are  many  dumb  creatures  who  are  surer 
of  it  than  many  human  brutes.  All  the  word- moulding ;  all  the 
rhetoric ;  all  the  sophistry,  of  those  who,  cradled  in  Mosaic  the- 
ology but  graduated  in  evolution,  attempt  to  frame  from  the  teach- 
ings of  this  last  a  post-mundane  heaven  of  unallo3'ed  joy  for  man 
^lone,  must  in  my  judgment,  come  to  naught.  Their  efforts  re- 
mind me  of  the  reconcilers  whose  business  is,  as  Huxley  has  so 
well  put  it,  '^  to  mix  the  black  of  dogma  and  the  white  of  science 
into  the  neutral  tint  of  what  they  call  liberal  theology."  Let  us 
not  deceive  ourselves !  What  we  accept  as  to  the  resurrection  of 
the  individual  is  based  on  other  evidence  than  that  of  evolution, 
and  is  mainly  a  matter  of  Faith^  and  when  it  comes  to  forms  of 
Faith,  those  are  best  which  best  subserve  the  moral  and  intellectual 
growth  and  development  of  society  and  which  at  the  same  time 
bring  comfort  and  hope  to  the  individual.  The  few  great  beliefs 
which  have  controlled  the  religious  sentiment  of  the  world  have 
all  helped  to  those  ends  and  have  been  good  in  their  day  and  clime. 
The  teachings  of  Christ,  in  their  simpler  and  purer  inspiration, 
and  freed  of  the  narrowing  incrustations  of  schism  and  dogma, 
transcend  them  all,  and  are,  in  fact,  an  evolution  from  them.  Our 
faiths  will  vary  as  they  have  varied.  Those  who  have  attained  to 
altruism  may  find  sufficient  joy  and  reward  in  present  existence 
with  its  love  and  duty  and  conscious  self-development,  and  rest 
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satisfied  to  leave  to  destiny  the  future  after  death ;  to  candidly 
avow  them  ignorant  of  it  — agnostics.  Others  may  feel  no  regret 
in  the  conviction  that  there  is  no  continuity  of  state  but  only  of 
being ;  that  eternal  unconsciousness — eternal  rest — awaits  the  close 
of  individual  life.  But  we  should  not  forget  that  the  mass  of 
manl^ind  are  incapable  of  like  unconcern,  and  that  a  Faith  to  them 
is  precious  and  even  necessary.  Nor  should  we  forget  that  the 
evolution  which  we,  as  individuals,  have  undergone,  with  all  its 
risks  and  dangers,  awaits  every  new  individual  bom.  The  child 
up  to  a  certain  age,  and  the  mass  of  mankind  at  maturity  are,  in 
apprehension,  only  as  our  savage  ancestors,  and  must  be  taught 
the  truth  according  to  their  light.  The  experience  gained  by 
those  who  have  reached  the  highest  ethical  and  intellectual  growth 
must  be  formulated  in  precept  and  principle  to  be  of  any  benefit  to 
society  at  large,  and  the  higher  ethical  sentiment  and  religious  be- 
lief— faith,  love,  hope,  charity — are  priceless  beyond  all  that  exact 
science  can  give  it. 
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DlSCOYKRT  OF  THE  PRODUCTION  OF  IMMUMITT  FROM  CONTAGIOUS  DI8BASBS 
BY  CHEMICAL  SUBSTANCES  FORMED  DURING  BACTERIAL  MULTIPLICATION. 

By  Dr.  D.  £.  Salmon,  U.  S.  Agricultural  Department,  Washington. 

At  the  meeting  of  this  Association  held  in  Buffalo  in  August,  1886, 1  had 
the  honor  to  read  before  the  Biological  section  a  paper  entitled,  **  Immuni- 
ty trom  Contagious  Diseases  produced  by  products  of  Bacterial  Multiplica- 
tion," and  a  second  paper  on  "  The  Theory  of  Immunity  from  Contagious 
Diseases."  In  the  first  of  these  papers  I  gave  a  detailed  statement  of  nine 
different  experiments  in  which  forty- five  pigeons  were  used.  The  results 
of  these  experiments  demonstrated  Incontestably  that  these  birds,  which 
were  susceptible  to  the  dose  of  ice.  of  hog  cholera  virus,  might  be  made 
immune  trom  this  dose  by  hypodermic  injections  of  sterilized  culture  liquid 
in  which  the  germ  of  this  disease  had  been  previously  allowed  to  multiply. 

Nearly  a  year  and  a  half  after  the  reading  of  this  paper  (Dec.  25,  1887), 
MM.  Roux  and  Chamberland,  of  Pasteur's  Laboratory,  published  a  paper  in 
the  Annale8  De  Ulnstitut  Pasteur  in  which  they  gave  experiments  to  show 
thatguinea  pigs  may  be  made  immune  from  the  effects  of  the  tdbrion  septique 
by  inoculation  with  sterilized  culture  liquids  in  which  this  germ  had  been 
allowed  to  multiply  previous  to  sterilization.  In  a  footnote  to  this  paper 
tliey  say,  **  At  the  moment  of  going  to  press  we  read  in  the  Annual  Report 
of  the  United  States  Department  of  Agriculture,  that  M.  Salmon  has  suc- 
ceeded in  giving  immunity  to  pigeons  from  hog  cholera  by  injecting  into 
these  animals  sterilized  cultures  of  the  microbe  of  this  disease." 

In  an  article  in  the  Annales  De  UlnstUut  Pasteur  of  February  25,  1888, 
Roux  publishes  another  article  showing  that  guinea  pigs  may  be  made  im- 
mune against  the  vims  of  symptomatic  anthrax  by  injections  of  cultures  In 
which  had  been  grown  the  b<icteriufn  chauvosi,  which  cultures  had  after- 
wards been  sterilized  by  heat.  In  the  same  number  of  this  periodical  MM. 
Chantemesse  and  Widal  publish  an  article  on  ''Immunity  against  the  Virus 
of  Typhoid  Fever  by  soluble  substances. "  In  this  article  they  make  the  fol- 
lowing statement:  "In  1886  Salmon  rendered  pigeons  refractory  to  hog 
cholera  by  inoculating  with  sterilized  cultures  of  the  microbe  of  this  disease 
The  experiment  was  of  little  weight  [StaUpeu  concluante^  because  the  pigeon 
is  endowed  with  a  feeble  receptivity  for  this  virus  and  because  the  process 
of  vaccination  applied  to  pigs  and  other  mammals  completely  failed.  .  . 
There  was  wanting  an  incontestable  experiment  which  showed  immunity 
given  to  an  animal  species  very  sensitive  to  the  virus  by  means  of  soluble 
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substances  secreted  by  this  vlras.  This  experiment  and  this  demonstration 
are  found  In  a  memoir  that  MM.  Roux  aud  Chamberland  published  in  the 
month  of  December  In  the  Annals  De  V  Jnstitut  Pasteur  on  the  '  Immun- 
ity against  Septlciemia.'  This  work  inaugurates  a  new  era  in  bacteriology.** 

Hueppe  In  an  article  In  the  Fortschritte  der  Medecin,  for  April  15,  1888, 
takes  up  the  history  of  the  Investigations  of  this  subject  properly  giving 
credit  to  my  experiments,  the  flrat  of  which  were  reported  conjointly  with 
Dr.  Smith  before  the  Biological  Society  of  Washington  in  February,  1886. 
He  shows  that  the  objection  of  Chantemesse  aud  Widal  Is  without  founda- 
tion, because  of  the  check  animals  used  in  our  experiments. 

There  is  still  a  determined  effort  being  made,  however,  by  the  assistants 
of  Pasteur  to  secure  the  credit  of  this  discovery  for  the  Pasteur  laboratory. 
In  a  review  of  my  investigations  of  hog  cholera  written  by  Duclaux  and  pub« 
lished  in  the  Annales  De  V  InstUut  FasUur  for  July  25,  1888,  the  subject 
is  again  taken  up  and  a  labored  effort  made  to  show  that  my  experiments 
were  not  conclusive.  M.  Duclaux  begins  his  review  by  saying :  '*  The  worlcs 
of  M.  Salmon  on  hog  cholera  are  scarcely  known  in  France  and  appear 
to  be  known  little  better  to  the  European  public.    There  are  two  reasons 
for  this.     The  first  is,  that  they  have  been  published  In  an  official  report 
not  found  in  commerce,  and  the  copies  which  reach  Europe  generally  go 
to  be  burled  In  the  tomb  of  the  ministerial  archlves,or  in  the  grand  mauso- 
leums hostile  to  visitors  that  we  name,  in  France,  public  libraries.    The 
other  reason,  more  personal  to  the  author,  is  that  he  proceeds  too  much  by 
that  method  of  exposition  which  consists  in  pouring  on  the  head  of  the 
reader  the  entire  contents  of  his  notes  of  researches,  leaving  him  to  make 
his  choice  among  the  materials  which  thus  reach  him  without  order  and 
without  measure.     .....    As  I  said  In  the  beginning,  they  are  not 

known  In  Europe  where  they  scarcely  figure  in  the  journals  until  after 
the  tardy  communication  which  was  made  In  1887  by  MM.  Salmon  and 
Smith  to  the  Washington  congress.  But  had  they  been  known  sooner, 
they  would  not  have  been  sufficient  to  rally  the  then  hesitating  opinion  on 
the  subject  of  vaccination  by  soluble  substances.  They  exposed  the  flank 
too  much  to  very  legitimate  objections.*' 

Before  considering  the  objection  raised  by  Duclaux  to  the  experiments 
themselves,  I  desire  to  call  the  attention  of  the  association  to  certain 
publications  in  which  these  experiments  were  referred  to  at  considerable 
length  prior  to  the  meeting  of  the  International  Medical  Congress  at  Wash- 
ington. The  first  communication  was  read  before  the  Biological  Society 
of  Washington,  Feb.  20,  1886,  and  printed  in  volume  iii  of  the  Proceed- 
ings. This  paper  was  printed  in  full  in  the  American  Veterinary  Review 
for  May,  1886,  and  It  was  referred  to  at  considerable  length  in  an  editorial 
printed  in  the  New  York  Medical  Journal  of  March  6, 1886.  This  paper 
contained  our  first  experiments  with  sterilized  culture  liquids  and  in  It 
was  given  the  demonstration  of  the  principle,  that  Immunity  may  be  pro- 
duced by  the  Injection  of  soluble  substances  which  result  from  the  growth 
of  pathogenic  bacteria.  The  paper  was  confined  to  one  topic,  was  con- 
cisely written  and  occupied  less  than  five  pages,  and  consequently  Is  hardly 
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Open  to  the  criticism  of  M.  Daclanx.  The  paper  read  before  the  American 
Association  for  the  Advancement  of  Science  in  Augast,  1886,  was  printed 
in  Aill  in  the  Proceedings  for  that  year,  p.  258,  and  was  also  printed  in 
the  Medical  News  of  September  18,  1886.  It  appears  to  me  therefore 
that  if  the  scientists  connected  with  M.  Pasteur's  laboratory  were  ignorant 
of  these  investigations  until  after  the  meeting  of  the  International  Medi- 
cal Congress  in  September,  1887,  it  is  not  because  the  literature  was  inac- 
cessible. 

MM.  Chantemesse  and  Widal  take  exceptions  to  my  experiments  because 
pigeons,  which  were  the  animals  used,  were  but  slightly  susceptible  to  the 
virus,  and  because  this  process  of  vaccination  applied  to  hogs  and  other 
mammals  had  completely  fulled.  It  Is  somewhat  amusing  to  find  in  the 
same  number  of  the  Annales  a  communication  from  M.  Roux,  of  M.  Pasteur's 
laboratory,  claiming  to  demonstrate  that  immunity  can  be  produced  from 
Charbon  Symptomaiique  with  soluble  substances  and  in  which  the  investi- 
gation was  made  by  experiments  with  animals  even  more  insusceptible  to 
this  virus  than  were  pigeons  to  the  vlras  of  hog  cholera.  Koux  used  guinea 
pigs,  and  lie  tells  us  tliat  *' cattle  and  sheep  are  the  animals  that  most  easily 
talce  the  Charbon  BactMen  the  guinea  pig  shows  more  resistance  to  this 
disease;  it  does  not  always  die  as  the  result  of  Inoculation  made  with  the 
pulp  of  the  charbonous  tumor.  MM.  Arlolng,  Cornevln  and  Thomas  have 
made  known  a  mode  of  inoculation  which  always  produces  death  to  guinea 
pigs.  To  obtain  this  result  it  is  sufBclent  to  mix  the  virus  with  a  solution 
containing  twenty  per  cent  of  lactic  acid.  With  this  means  of  proof  there 
need  be  no  fear  of  a  failure  of  the  inoculations  or  of  seeing  the  control 
guinea  pigs  resist  them. " 

It  is  a  rather  peculiar  idea  to  advance  that  we  must  receive  without 
question  experiments  made  in  Pasteur's  laboratory  with  animals  so  insus- 
ceptible that  a  foreign  substance  must  be  added  to  the  virus  in  order  to  pro- 
duce pos»ltive  results,  while  exactly  similar  experiments  must  be  rejected, 
when  made  in  this  country  with  virus,  to  which  it  is  not  necessary  to  add 
any  foreign  substance,  and  which,  under  the  conditions  mentioned,  never 
failed  to  produce  positive  results.  This  objection  was  apparently  disposed 
of  by  Hueppe,  however,  when  he  called  attention  to  the  control  experi- 
ments and  the  positive  results  of  these  inoculations. 

The  question  Is,  however,  apparently  deemed  of  too  much  importance  to 
Pasteur's  laboratory  to  be  allowed  to  rest  here.  In  Duclaux'  review  a  new 
objection  Is  relied  upon  to  show  that  my  experiments  were  valueless.,  It  is 
that  the  liquids  were  sterilized  at  a  temperature  too  near  to  the  limit  at  which 
the  microbe  is  destroyed.  Duclaux  claims  that  testing  this  liquid  by  add- 
ing a  few  drops  to  a  fresh  culture  tube,  in  oixler  to  learn  whether  there  are 
any  living  organisms  present,  proves  nothing.  '*  It  was  known,"  he  goes 
on  to  say,  **  and  it  is  still  better  known  now,  that  microbes  which  are  present 
in  a  culture  are  not  identical,  and  that  they  have  diiferent  powers  of  resist- 
ance to  external  agents.  These  powers  of  resistance  are  not  identical,  al- 
though approaching  each  other  closely,  and  the  more  closely,  the  more 
homogeneous  the  culture.  Nothing  proved  then  and  nothing  proves  yet, 
that  all  of  the  microbes  were  killed  at  this  temperature  limit  of  68^-60^." 
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These  objections  were  anticipated  when  our  experiments  were  planned, 
and  anyone  who  will  go  carefally  into  tlie  details  of  these  experiments  will 
see  that  the  objections  do  not  hold  good.  It  Is  true  that  the  temperature 
of  58^-60°,  at  which  we  sterilized  our  culture  liquids,  is  rather  near  to  the 
limit  which  Is  necessary  to  destroy  all  life  in  these  cultures.  While  ad- 
mitting that  there  may  be  different  degrees  of  resistance  with  this  germ, 
however,  we  demonstrated  that  58^  maintained  for  ten  minutes  was  suffi- 
cient to  destroy  those  germs  with  the  greatest  powers  of  resistance,  because 
none  were  left  capable  of  multiplying  after  they  had  been  so  treated.  In  our 
experiments  on  Immunity, we  do  not  limit  the  cultures  to  a  temperature  of 
58^  for  ten  minutes ;  on  the  contrary,  we  Increased  the  temperature  one  of 
two  degrees  and  we  maintained  this  Increased  temperature  for  two  hours 
—  in  other  words  for  twelve  times  as  long  as  had  been  found  necessary  to 
destroy  all  living  germs.  It  will  also  be  seen  by  reference  to  the  details  of 
our  experiments  that,  In  some  of  these,  the  culture  liquids  employed  were 
concentrated  over  a  waterbath.  In  these  experiments  the  culture  liquids 
were  heated  to  a  temperature  of  nearly  lOO*'  for  from  one  to  two  hours.  This 
Is  far  beyond  the  point  where  there  could  be  any  doubt  of  the  germs  being 
completely  destroyed.  While  some  of  the  experiments  In  which  this  evap- 
orated virus  was  used  were  successflil,  we  recognized  the  fact,  apparently 
confirmed  by  the  French  investigations,  that  snch  a  temperature  weakened 
the  power  of  the  liquid  for  the  production  of  immunity.  We  consider, 
therefore,  that  this  objection  of  Roux  is  absolutely  untenable  and  that  there 
can  be  no  question  that  the  virus  was  completely  sterilized  in  our  experi- 
ments. 

As  another  reason  for  his  belief,  Roux  cites  the  small  quantity  of  ster- 
ilized culture  which  was  snfficlent  to  produce  immunity.  "Thus,"  he  says, 
**in  the  first  of  these  experiments  published  in  the  Report  of  1885,  a  dose 
of  1%  cc.  of  vaccinal  culture  sufficed  to  confer  almost  complete  Immunity 
on  a  pigeon.  This  dose  differs  greatly  from  that  which  is  necessary  to  con- 
fer Immunity  In  other  diseases."  Roux  evidently  errs  in  this  statement. 
By  referring  to  the  Report  of  1885  It  will  be  found  that  one  pigeon  re- 
ceived f  J  cc,  and  when  inoculated  with  strong  virus  died  In  forty-eight 
hours,  i.  e.f  this  bird  had  no  immunity  whatever.  Another  one  received 
1.5  cc,  and  when  Inoculated  with  active  virus  was  so  affected  that  It  lost 
the  use  of  its  legs  although  It  survived  the  inoculation.  In  this  case  there 
was  evidently  a  partial  immunity.  All  of  the  other  birds  referred  to  In  that 
Report  received  over  8  cc.  In  our  subsequent  experiments  we  found  that 
2  cc  would  generally  confer  immunity  on  pigeons,  although  In  many  ex- 
periments we  used  8  to  4  cc. 

When  we  turn  to  the  experiments  made  In  Pasteur's  laboratory,  we  find 
that  this  quantity  is  not  so  different  from  what  was  used  there  as  we  would 
be  led  to  believe  from  the  remarks  quoted.  For  Instance,  while  In  the  ex- 
periments of  Roux  and  Chamberland,  for  producing  immunity  In  guinea 
pigs  against  the  Vihrion  septiquet  they  used  120  cc.  of  culture  liquid  which 
hud  been  heated  tol05°-110^.  They  succeeded  in  producing  equal  Immunity 
with  doses  of  only  1  cc.  of  the  serum  from  the  muscles  and  cellular  tissue, 
which  was  sterilized  by  filtration  Instead  of  by  heat.    It  would  appear 
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that  the  high  temperature  which  they  ased  for  sterilizing  their  cultare  liq- 
uids destroyed  to  a  certain  extent  the  activity  of  the  substance  which  pro- 
duced immunity,  just  as  In  our  experiments  a  still  lower  temperature  had 
such  an  effect.  If  doses  of  1  cc.  of  filtered  serum  repeated  seven  or  eight 
times  are  sufficient  to  produce  immunity  in  an  animal  of  the  size  of  a  guinea 
pig,  which  weighs  f^om  400  to  600  grammes,  it  is  not  surprising  that  an 
equal  dose  of  sterilized  culture  liquid  repeated  twice  should  be  sufficient 
to  produce  immunity  in  a  pigeon  which  only  weighs  from  200  to  250 
grammes.  Roux  also  succeeded  in  producing  immunity  In  guinea  pigs 
against  symptomatic  charbon  by  doses  of  1  cc.  of  filtered  serum  repeated 
from  ten  to  twelve  times.  With  these  experiments  before  him  we  are  sur- 
prised that  Duclaux  should  raise  this  objection  as  to  the  size  of  the  doses 
of  sterilized  culture  used  in  our  experiments. 

The  final  objection  raised  by  Duclaux  is  that  this  method  of  vaccination 
had  failed  with  the  more  susceptible  animal  species ;  that  it  succeeded  only 
with  the  pigeon,  a  species  on  the  marginal  line  of  immunity,  and  that  this 
mode  of  vaccination  succeeded  better  in  winter  than  In  summer,  and  that 
even  in  winter  there  are  some  failures.  It  is  true  that  our  experiments 
failed  with  large  animals  like  pigs,  which  are  more  susceptible  to  the  dis- 
ease, but  this  has  no  bearing  on  the  demonstration  of  the  principle.  With 
these  large  animals,  and  especially  in  this  disease,  there  are  other  difficult 
ties  to  be  overcome.  The  large  size  of  the  animal  requires  a  great  increase 
in  the  amount  of  the  material  used,  an  -amount  for  the  determination  of 
which,  sufficient  experiments  have  not  been  made.  Again  the  manner  In 
which  the  virus  is  introduced  into  the  body  under  natural  conditions  has 
a  very  important  Influence.  Indeed  it  Is  doubtfhl  if  the  immunity  of  pigs 
can  be  artificially  raised  to  such  a  degree  as  to  prevent  the  multiplication 
of  the  germs  on  the  mucous  surfiice  and  within  the  walls  of  the  intestines 
and  the  formation  of  tliose  large  ulcers  which  are  chiiracteristic  of  the 
malady  and  are  usually  fatal.  It  Is  not  to  be  forgotten  that  M.  Roux  has 
not  published  any  experiments  in  which  he  has  succeeded  by  this  method 
in  conferring  immunity  on  cattle  or  sheep  against  symptomatic  anthrax; 
but  I  have  not  heard  of  this  being  urged  as  an  objection  to  the  conclusions 
A'om  the  experiments  on  immunity  with  guinea  pigs  which  he  has  pub- 
lished. 

Duclaux  Is  wrong  in  supposing  that  our  experiments  only  succeeded 
with  pigeons  In  winter.  We  did  not  make  this  statement.  Pigeons  are 
more  susceptible  to  the  virus  of  hog  cholera  in  winter  than  in  summer; 
consequently  we  selected  winter  for  the  experiments  because  at  that  time 
our  control  experiments  with  unprotected  birds  were  successful.  It  is 
true  that  some  of  our  experiments  failed;  but  I  imagine  no  principle  has 
been  worked  out  experimentally  in  which  all  the  experiments  from  the  be- 
ginning were  successful.  It  was  necessary  for  us  to  determine  exper- 
imentally the  dose  which  was  to  be  given  to  produce  immunity  and  the 
number  of  times  it  was  necessary  to  repeat  the  dose.  We  also  endeav- 
ored to  learn  the  effect  of  a  boiling  temperature  on  the  soluble  substances 
produced  in  the  cultures  of  this  germ,  and  the  high  degree  of  heat  is  re- 
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sponsible  for  the  failare  of  some  of  the  experiments.  It  also  required 
some  experimenting  to  learn  that  pigeons  are  more  susceptible  in  winter 
that  in  summer.  We  published  all  of  our  experiments.  M.  Roux  SToids 
the  charge  of  failure  by  publishing  only  successful  experiments.  Taking 
all  these  facts  into  consideration,  it  must  be  admitted  that  our  experiments 
published  in  1886  were  succeosflil,  and  that  they  demonstrated  the  pro- 
duction of  immunity  by  soluble  substances  contained  in  the  culture  liquids 
in  which  the  germ  of  hog  cholera  had  multiplied.  I  therefore  oontlmie  to 
claim  priority  for  this  important  discovery. 


Some  nrw  kxprrimknts  in  producing  anaesthesia  with  NiTRons  oxide 

AND  AIR,  AND   NITROUS  OXIDE  AND  OXYGEN  IN  CONDENSED  AIR-CHAM- 
BERS,  ILLUSTRATED  BT  EXPERIMENTS  ON   AN   ANIMAL.       By  Dr.  E.  F. 

HowLAND,^  of  Washington. 

There  are  forty-seven  substances  mentioned  and  described  as  anaesthetics 
in  the  latest  works  on  anaesthesia.  Four  of  them,  nitrous  oxide,  nitrous 
oxide  in  mechanical  combination  with  oxygen,  ether  and  chloroform,  are 
the  anesthetics  that  have  received  the  sanction  of  the  medical  and  dental 
professions,  as  the  best  and  safest  means  of  producing  Insensibility  to 
pain  during  surgical  and  dental  operations. 

The  cause  of  aniesthesla  and  the  action  of  amesthetlcs  are  still  subjects 
of  dispute  between  those  who  have  had  the  largest  experience  In  their  ad- 
ministration, and  who  have  made  the  most  critical  experiments  on  animals 
and  man;  but  the  best  methods  of  administering  and  the  effects  of  anees- 
thetlcs  on  the  mental  organism  are  subjects  that  can  be  demonstrated  by 
experiment  and  practical  experience. 

Nitrous  oxide  has  now  been  administered  to  millions  of  persons,  and  It 
has  been  proved  to  be  almost  absolutely  safe  as  an  anoesthetic  for  short 
operations,  but  has  proved  to  be  dangerous  and  unpractical  for  prolonged 
operations  on  account  of  Its  effects  and  the  want  of  acquired  skill  and  ex- 
perience in  its  administration. 

Dr.  Goodwlllie  of  New  York,and  myself,and  a  few  others  have  been  sac- 
cessfnl  in  its  administration  for  surgical  operations ;  but  the  successftil  ad- 
ministrators in  the  United  States  can  be  numbered  on  your  fingers.  Dr. 
J.  Marion  Sims  in  a  letter  to  Johnston  Bros.^  dated  Jan.  25,  1872,  says, 
**  Since  lust  September  I  have  performed  a  great  many  operations  on  pa- 
tients under  the  influence  of  nitrous  oxide.  Many  of  these  took  the  gas 
for  twenty,  twenty-five,  thirty  and  thirty-five  minutes.  One  took  it  for 
fifty  minutes,  and  I  saw  no  reason  why  she  could  not  have  safely  taken  It 
twice  that  length  of  time.    Dr.  Ooodwillie  has  given  the  gas  In  two  ovar- 

1  Dr.  Rowland  died  suddenly  on  his  way  borne  firom  the  Cleveland  meeting.*  Editor. 
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iotomy  cases  for  me ;  one  for  twenty-seven  minutes,  and  the  other  for  thir- 
ty-one minutes.    In  these  It  was  all  that  I  could  wish.*' 

I  have  administered  nitrous  oxide  in  many  thousand  dental  operations, 
and  several  hundred  surgical  operations  in  the  city  of  Washington,  the  long- 
est time  being  thirty-five  minutes  for  a  capital  operation  performed  by  Dr. 
Bliss,  assisted  by  Dr.  Stuart.  If  nitrous  oxide  had  been  proved  a  safe  and 
practical  ansasthetlc  for  prolonged  operations,  ere  this  it  would  have  been 
in  universal  use,  and  would  have  taken  the  place  of  all  other  anssthetlcs. 
The  reason  why  it  is  not  safe,  is,  because  the  blood  is  not  oxygenated  dur- 
ing its  administration,  and  the  patient  will  die  of  asphyxia  In  two  and  half 
minutes  if  compelled  to  breathe  pure  nitrous  oxide. 

If  nitrous  oxide  is  mixed  with  five  per  cent  or  more  of  oxygen,  or  at- 
mospheric air,  the  gas  is  so  diluted  that  it  will  not  produce  insensibility, 
and  it  takes  a  much  larger  quantity  of  oxygen  or  air  than  five  per  cent  to 
prevent  its  being  fatal  to  the  patient  from  asphyxia.  Prolonged  aneesthesia 
is  produced  by  breathing  pure  nitrous  oxide  f^om  one- half  to  three-fourths 
of  a  minute  till  the  patient  is  anassthetlzed,  and  then  breathing  air  fVom  one- 
fourth  to  one-half  a  minute  to  partially  oxygenate  the  blood  and  then  breath- 
ing nitrous  oxide  again  before  the  return  of  consciousness ;  recovery  or 
death  of  the  patient  occurring  within  the  limits  of  one  and  a  half  minutes. 
In  my  experiments  on  warm-blooded  animals,  death  has  generally  occurred 
within  two  and  a  half  minutes,the  animal  in  a  few  cases  living  four  minutes. 

The  non-oxydation  of  the  blood  during  the  breathing  of  nitrous  oxide  is 
proved  by  the  livid  appearance  of  the  face  of  the  patient,  the  examination 
of  the  blood  of  animals  after  death,  and  the  chemical  analysis  of  the  expi- 
rations of  persons  under  Its  influence. 

From  a  large  number  of  experiments,  I  have  found  that  all  of  the  nitrous 
oxide  taken  into  the  lungs  during  three-fourths  of  a  minute  of  inhalation  is 
not  exhaled  in  this  time,  but  as  much  is  exhaled  as  of  pure  hydrogen  or  ni- 
trogen when  they  are  breathed  for  three- fourths  of  a  minute,  and  no  more 
carbonic  acid  is  found  in  the  exhaled  nitrous  oxide  than  in  the  exhaled  hy- 
drogen or  nitrogen,  proving  conclusively  that  the  blood  is  not  oxygenat- 
ed from  the  decomposition  of  the  nitrous  oxide  In  the  circulation.  Some  of 
our  most  eminent  men  and  practical  chemists  and  physiologists  are  in  er- 
ror in  relation  to  the  decomposition  of  ausBsthetics  in  the  circulation  and 
their  elements  forming  new  compounds. 

We  have  a  new  anieslhetic  that  should  claim  our  earnest  attention.  Ni- 
trous oxide  and  oxygen  mixed  In  the  proportion  of  thirty- five  parts  of  ni- 
trous oxide  and  fifteen  parts  of  oxygen,  and  administered  In  a  condensed 
air  chamber  under  a  pressure  of  five  pounds  per  square  inch,  will  produce 
perfect  ansBSthesIa  for  any  lenglh  of  time  required,  and  the  blood  at  the 
same  time  being  perfectly  oxygenated  by  the  free  and  uncombined  oxygen 
there  Is  no  danger  or  Injury  to  the  patient  from  a  partial  or  entire  asphyxia, 
as  there  Is  ttom  nitrous  oxide  alone,  or  the  still  greater  danger  and  injury 
j^rom  ether  and  chloroform. 

In  my  experiments  on  animals  with  a  mixture  of  equal  quantities  of  ni- 
trous oxide  and  atmospheric  air,  in  comparison  with  a  mixture  of  eighty- 
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five  parts  of  nitrous  oxide  and  fifteen  parts  of  oxygen,  I  find  that  they  are 
equal  in  their  anssthetic  eifects ;  but  the  pressure  in  the  condensing  cham- 
ber has  to  be  fifteen  pounds  to  the  square  inch  with  nitrous  oxide  and  air, 
and  only  five  pounds  pressure  to  the  sqaare  inch  with  nitrous  oxide  and 
oxygen. 

From  the  thousands  of  operations  performed  in  France  under  the  influ- 
ence of  nitrous  oxide  and  oxygen  In  condensed  air-chambers,  and  fh>m  my 
own  experiment  on  animals  similarly  anesthetized,  I  believe  that  nitrous 
oxide  and  oxygen  will  be  the  anaesthetic  of  the  fUtnre,  and  I  thinis  that  great- 
er facilities  in  administering  this  agent,  regulating  the  pressure  and  purify- 
ing the  air  f^om  infectious  germs  in  a  chamber  that  I  hare  devised,  will 
greatly  facilitate  Its  introduction. 

This  aneesthetlc  is  going  to  be  of  great  service  to  the  dentist  as  well  as 
the  surgeon.  By  increasing  the  pressure  of  air  in  the  chamber,  a  large  quan- 
tity of  gas  is  administered,  and  the  patient  remains  a  much  greater  length 
of  time  aniBSthetized  after  ceasing  inhalation  of  nitrons  oxide  and  oxygen, 
than  with  pure  nitrous  oxide  as  ordinarily  given,  thereby  enabling  the  den- 
tist to  extract  a  large  number  of  teeth  before  recovery.  Refhictory  patients 
and  those  that  do  not  readily  become  ansesthetized  under  pure  nitrons  oxide, 
become  perfectly  passive  and  quickly  insensible  under  nitrous  oxide  and  ox- 
ygen. The  operator  Is  not  at  all  affected  by  the  escape  of  nitrous  oxide  in 
the  chamber,  and  he  experiences  no  unpleasantness  or  Injury  as  is  often  the 
case  with  the  administration  of  ether  and  chloroform.  The  dangerous  point 
of  all  anaesthetics  is  when  the  toxic  effect  of  the  substance  taken  into  the 
system,  paralyzes  the  nerve  centres,  and  they  are  on  the  point  of  ceasing 
to  control  and  direct  vital  action,  or  when  the  substance  as  a  vapor  or  gas 
is  taken  into  the  lungs  in  a  quantity  that  excludes  the  required  amount  of 
oxygen  to  arterialize  the  blood,  and  death  may  occur  from  asphyxia.  The 
toxic  point  of  danger  from  nitrous  oxide,  I  have  proved  by  experiments  on 
animals  to  be  beyond  five  hours  of  continued  anaesthesia  when  the  blood 
is  perfectly  oxygenated  with  ft'ee  oxygen,  and  the  danger  point  from  as- 
phyxia Is  when  the  volume  of  oxygen  with  the  nitrous  oxide  is  below  ten 
per  cent  of  the  mixture. 

The  danger  point  is  therefore  entirely  under  the  control  of  the  adminis- 
trator. 

If  a  greater  amount  of  oxygen  than  fifteen  parts  to  eighty-five  of  nitrous 
oxide  is  administered,  perfect  anaesthesia  is  not  produced  unless  the  pres- 
sure of  the  chamber  is  increased  Just  In  proportion  to  the  amount  of  oxy- 
gen added.  When  the  oxygen  is  added  It  makes  the  whole  quantity  equal  to 
the  nitrous  oxide,  the  pressure  of  the  chamber  has  to  be  fifteen  pounds  to 
the  square  inch,  the  same  as  with  equal  quantities  of  nitrous  oxld^  and  air. 

Prolonged  administration  of  this  mixture  is  injurious,  the  same  as  pro- 
longed administration  of  pure  oxygen,  causing  super-oxidation  of  the  blood 
and  inflammatory  action. 

I  have  kept  animals  perfectly  anaesthetized  for  two  hours  in  a  mixture  of 
eighty  parts  of  nitrous  oxide  and  twenty  of  oxygen  under  a  pressure  of 
ten  pounds  to  the  square  inch  without  any  apparent  injury.      The  time 
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of  the  dangeroas  toxic  point  of  anssthesla,  and  also  the  time  of  the 
danger  point  from  asphyxia  in  all  of  my  experiments  with  ether  and 
chloroform  have  proved  to  be  uncertain  and  unreliable,  and  the  danger 
point  to  be  beyond  the  control  of  the  operator,  death  often  occurring  with- 
out apparent  cause.  Many  professional  men  declare  it  criminal  to  use 
chloroform  instead  of  ether  as  there  are  ten  deaths  from  the  former  to  one 
from  the  latter;  while  to  those  who  survive  the  effects  of  these  anaesthet- 
ics, positive  injury  results  from  chloroform  in  still  greater  proportion. 

From  statistics  by  Professor  E.Andrews  in  the  Chicago  Medical  Examiner^ 
the  death  rate  ftom  the  administration  of  chloroform  is  one  in  2,728,  ftom 
sulphuric  ether,  one  in  23,404,  f^om  mixed  ether  and  chloroform,  one  in* 
5,588,  while  during  the  year  1887,  in  the  United  States  and  Europe,  nitrous 
oxide  was  administered  to  over  one  million  persons  and  not  a  single  death 
occurred  f^ora  its  use. 

Is  it  not  the  duty,  therefore,  of  every  professional  man  to  lend  his  influ- 
ence to  bring  into  use  in  every  city  and  hospital  an  an»sthetic  that  is  tu 
hundred  thousand  times  safer  than  are  ether  and  chloroform? 

I  am  happy  to  say  that  in  my  endeavors  to  introduce  the  new  an»sthetic, 
I  am  meeting  the  almost  universal  approbation  of  the  medical  and  dentaK 
professions. 

Experiment.  —  An  animal  was  placed  in  an  ansBsthetic  chamber  under 
pressure,  and  remained  perfectly  anaesthetized  while  the  pressure  was  at 
five  pounds  to  tlie  square  inch,  but  when  reduced  below  this  pressure 
showed  signs  of  recovery.  When  the  pressure  was  raised  again,  the  ani- 
mal became  quiet ;  when  taken  from  the  chamber,  the  animal  was  insensi- 
ble to  pain  but  soon  recovered  as  well  as  ever. 


A  PHASB  OF  ETOLTjnoN.    By  Dr.  E.  Lewis  SruRTrvANT,  South  Framing- 
ham,  Mass. 

[abstract.] 

Botanical  varieties,  the  unit  of  evolutionary  progress  under  vegetable 
culture,  as  evidenced  by  a  study  of  the  cultivated  and  wild  dandelion. 
Drawings  (colored)  and  herbarium  specimens  exhibited,  demonstrating  the 
substantial  identity  of  garden  varieties  with  wild  varieties,  and  conversely 
showing  the  types  for  new  varieties  of  the  Aiture. 

[Published  in  ftill  in  Proceedings  of  the  Society  for  the  Promotion  of 
Agricultural  Science,  1888,  p.  77.] 


% 

A  STUDY  OP  THE  HTDRANGiEA,  A»  TO  THE  OBJECTS  OF  CROSS-FERTILIZA- 
TION.   By  Prof.  Thomas  Mkehan,  Germantown,  Philadelphia,  Pa. 

[ABSTBAOT.] 

The  author  details  a  number  of  facts  connected  with  the  structure  and 
development  of  allied  species  of  Hydrangea,  and  argues  that  on  no  theory 
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of  evolation  based  on  adaptation  to  Insect  ylslts,  could  these  changes  oc- 
cur. He  contends  that  rarlety  mast  exist,  In  order  to  provide  for  order,— 
and  that  variations  as  we  see  In  Hydrangea  can  be  for  no  special  benefit 
to  the  plant  bat  for  mere  variety's  sake. 


Some  new  facts  in  the  ufb-histort  of  yucca  and  the  yucca  moth 
By  Prof.  Thomas  Mbehan,  Germantown,  Philadelphia,  Fa. 

[abstract.] 

The  author  gives  some  figures  in  regard  to  the  time  of  opening,  and  the 
duration  of  the  flowers, — with  notes  on  the  time  and  duration  of  the  moist- 
ure exudation  ttom  the  perianth.  The  cause  of  the  sudden  stoppage  of  the 
waste  is  discussed,  and  some  remarlcable  facts  in  connection  with  the  be- 
havior of  the  insect  Pronuba  yuccasella,  obseiTed  by  Professor  Riley,  con- 
firmed. 

The  remarkable  adaptation  by  which  an  insect  is  made  to  do  the  work  of 
self  fertilization,  which  the  plant  could  Just  as  readily  do  ItseUjIs  contrast- 
ed with  similar  observations  in  the  animal  kingdom. 


On  the  cause  and  significance  of  dichogamy  in  floweks.       By 
Prof.  Thomas  Meehan,  Germantown,  Philadelphia,  Pa. 

[ABSTRACT.] 

The  author  repeats  the  announcement  of  his  discovery,  already  made 
through  the  Proceedings  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia, that  it  takes  a  longer-continued  amount  of  heat  to  excite  growth 
in  the  female  than  the  male  organs  of  fiowers ;  and  that  varying  seasons 
will,  therefore,  advance  or  retard  the  several  sexual  organs  aocordingly. 
So  there  Is  absolutely  nothing  in  connection  with  the  visits  of  insects  to  ac- 
count for  dichogamy,  which  is  solely  an  accident  of  climatic  environment. 


Adaptation  in  the  honeysuckle,  and  insect  visitors.     By  Prof. 
Thomas  Meehan,  Germantown,  Philadelphia,  Pa. 

[ABSTRACT.] 

The  author  gives  all  the  points  In  the  fiowers  of  certain  honeysuckles, 
and  the  development  of  the  extraordinary  amount  of  nectar  fh>m  which  the 
family  derives  its  common  name,  and  shows  that  the  insects  which  visit 
the  flower  for  the  sweet  secretions  take  no  part  In  the  pollination  of  the 
fiower,  which  office  is  performed  by  pollen-gathering  insects  for  which  no 
special  adaptation  has  been  made,  and  which  rather  aid  self-  than  cross- 
fertilization. 
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NOTRS  ON  THB INFL0RK8CKMCB  OF  CaLLITRICHR.  Bj  PfOf .  JOSRPH  SCHRBMK, 

New  York  College  of  Pharmacy  (Hoboken,  N.  J.}* 

[ABSTBACT.l 

Thr  Inflorescence  briefly  described.  The  bracts,  considered  as  stipules 
by  Caspary  and  as  trlchomes  by  Schenck,  are  really  sacs  or  bladders  filled 
with  air.  Their  appearance,  structure  and  development  described.  Their 
ftinction  is  to  increase  the  buoyancy  of  the  tufts  of  leaves  with  the  pistils  and 
stamens  in  their  axils.  The  palm-shaped  hairs  at  the  nodes  are  probably 
secretory  organs.  The  histology  of  the  flbro-vascular  bundles  shows  that 
when  pistil  and  stamens  occur  in  the  same  axil,  they  are  to  be  considered 
as  a  perfect  flower. 


Htoroscopic  movements  in  the  cone-scalbs  of  ABiRTiNRfi.    By  Prof. 
Albert  N.  Prentiss,  Ithaca,  N.  Y. 

[ABSTRACT.] 

In  most  of  the  Abietine»,  soon  after  the  maturation  of  the  cones,  the  per- 
sistent scales  fold  backward,  or  outward  flrom  the  axis,  to  permit  the 
ripened  seeds  to  escape.  The  scales  are  very  sensitive  to  moisture,  and 
in  many  species  exhibit  very  rapid  movements  when  wet,  as  with  rain. 
This  is  especially  well  seen  in  the  cones  of  Tsuga  Canadensis^  in  which  the 
widely-open  scales  become  completely  closed  in  twelve  minutes. 

This  property  of  the  cone  scales,  is  found  to  be  very  efDcient ;  flrst  in 
loosening  the  seeds  with  their  attached  wing  Arom  the  scale  which  bears 
them ;  and  second,  in  favoring  the  wide  dispersion  of  the  seeds,  as  the  cones 
open  and  close  many  times  before  all  the  seeds  are  sown,  thus  securing 
their  transport  in  dlflbrent  directions  by  the  varying  winds. 


Sexual  charactkrs  of  the  species  of  the  coleopterous  genus  Lach- 
NOSTERNA.  By  JoHN  B.  SMITH,  U.  S.  National  Museum,  Washington, 
D.  C. 

[ABSTRACT.] 

The  species  of  LachnosUma,  though  large  in  size,  have  always  been 
roost  difficult  to  separate.  The  most  recent  work  of  Dr.  George  H.  Horn 
on  this  genus  has  aided  in  the  separation  of  the  species,  while  not  clear- 
ing up  doubts  in  all  the  cases.  In  examining  a  very  large  series  of  fleshly 
captured  specimens,  differences  in  sexual  structure  of  the  males  became 
apparent,  which  cleared  up  all  doubts  of  the  specific  limitation  of  species, 
and  examination  of  a  series  of  females  confirmed  the  conclusions  drawn 
from  the  males.    Heretofore  determination  of  the  $  has  been  difficult 
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without  having  also  the  f  at  hand.  In  entomological  llteratare  thos  far 
there  has  been  considerable  attention  paid  to  these  strnctares  of  the  male, 
wliile  I  cannot  find  that  the  genitalia  of  the  females  have  been  examined. 
As  a  matter  of  fact  they  are  correlated  to  those  of  the  S*  ^^^  every  modi- 
fication of  the  male  Is  accompanied  by  a  corresponding  difference  In  the 
female.  The  farther  fact  developed  in  the  course  of  Investigation,  that 
there  was  absolutely  no  variation  In  these  structures  In  either  sex,  within 
the  limits  of  a  species.  The  conclusions  are  therefore  that  however  vari- 
able in  superficial  characters  of  color,  vestiture,  within  some  limits  of 
sculpture  as  well,  Identity  of  genital  structure  indicates  identity  of  species ; 
while  howeter  similar  In  superficial  characters,  difference  In  genitalia  in- 
dicates difference  of  species. 


On  the  struoturb  of  thb  skull  of  the  larva  of  Amphiuma.  By  Prof. 
O.  P.  Hat,  Irvlngton,  Ind. 

[ABSTRACT.] 

This  paper  described  the  structure  of  the  skull  of  the  larva  of  Amphiuma 
while  still  within  the  egg,  but  near  the  time  of  hatching.  The  examina- 
tion showed  that  Its  development  Is  much  Airtber  advanced  than  Is  that 
of  related  forms  when  they  are  excluded.  There  Is  a  large  fontanelle  at 
the  base  of  the  skull  on  each  side  of  the  cranial  notochord.  The  trabecnln 
are  slender,  enclosing  a  large  fontanelle  and  meeting  in  the  nasal  region. 
The  cranial  walls  are  low  and  the  brain  is  mostly  protected  above  by 
membrane  alone.  The  otic  capsules  are  large  and  have  coalesced  with 
the  trabeculflB.  The  condyles  are  prominent  and  are  ossified.  The  suspen- 
sorium  has  three  processes :  pedicle,  otic  process  and  an  ascending  process. 
Articulated  to  its  posterior  edge  is  a  rod  of  cartilage,  which  overlies  the 
facial  nerve. 

The  hyold  Is  partially  ossified,  as  is  also  a  portion  of  the  first  branchial 
arch. 

The  following  membrane  bones  are  developed :  premaxlllaries,  vomers, 
frontals,  parletals,  squamosals,  dentarles,  angulo-splenlals.  No  maxiUa- 
ries  are  seen,  but  a  row  of  dental  papill»  shows  where  they  will  shortly 
appear. 


Notice  of  a  supposed  nrw  species  of  Branchipus  from  Imdlana.    By 
Prof.  O.  P.  Hay,  Irvlngton,  Ind. 

[ABSTRACT.] 

Most  closely  related  to  B,  bundyi  tvom  Jefferson,  Wisconsin.  Differs 
therefrom  in  that  the  female  has  growing  out  Arom  each  dorso-lateral  sur- 
face of  the  tenth  segment  a  prominent  lobe  or  process.  Found  at  Irvlngton, 
Indiana.    Named  B.  Oelidua,  W.  P.  Hay. 
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Color  variations  of  Nebraska  flttng  squirrels.    By  Prof.  W.  Ed- 
OAR  Taylor,  State  Normal  School,  Pera,  Neb. 

[abstract.] 
The  American  flying  squirrels  present  a  range  of  geographical  varia- 
tion in  size  quite  unparalleled  in  other  members  of  the  squirrel  family. 
On  the  other  hand  the  coloration  is  remarkably  constant,  almost  excep- 
tionally so;  specimens  from  the  same  locality  sometimes  differ  In  the  color 
of  the  dorsal  surface  as  much  as  the  most  diverse  examples  from  widely 
separated  localities.  Two  varieties  are  recognized  by  naturalists,  probably 
grading  into  each  other.  From  a  careftil  examination  of  typical  specimens 
of  the  flying  squirrel  from  Nebraska  we  may  conclude : 

1.  The  measurements  correspond  to  the  northern  variety,  while  the  colors 
correspond  more  nearly  with  the  southern  variety. 

2.  The  local  variations,  in  colors,  are  very  great ;  these  variations  exist- 
ing even  in  members  of  the  same  nest. 

8.  Locally,  at  least,  the  two  varieties  appear  to  grade  Into  each  other. 
4.  The  degree  of  coloration  on  the  same  parts  of  different  specimens  does 
not  vary  in  the  same  ratio. 


Thx  muscles  of  the  soft  palate  in  the  domestic  cat.  By  Prof.  T.  B. 

Stowbll,  Cortland,  N.  Y. 

[abstract.] 

This  contribution  to  comparative  anatomy  is  preliminary  to  an  inquiry 
into  the  phylogenesis  of  the  uvula  palcai.  Two  preparations  are  necessary 
for  the  study  of  the  muscles  of  the  soft  palate ;  a  hemtsected  and  a  tran- 
sected head.  In  the  hemUecHon  can  be  seen  to  best  advantage  the  relations 
of  the  respiratory  and  the  alimentary  passages,  the  eustachian  tube,  the 
tonsil  and  the  epiglottis.  The  following  muscles  should  be  dissected  In  the 
same  section :  the  levator,  the  pharyngo-staphyle  and  the  glosso-staphyle. 
In  the  trantetUon  should  be  studied  the  length  of  the  palate  and  its  func- 
tion in  closing  the  passage  from  the  oral  to  the  pharyngeal  cavity,  thereby 
insuring  an  exclusively  nasal  respiration ;  in  this  section  are  demonstrated 
the  origins  of  the  levator  and  the  tensor  muscles. 

The  soft  palate  is  a  continuation  of  the  hard  palate  without  the  osseous 
plate.  The  muscles  are  striated,  paired,  receive  their  blood-supply  fk'om 
the  ectal  carotid  artery  and  are  Innerved  by  the  trigeminus,  the  facial 
and  the  glosso-pharyngeal  nerves.  The  staphyle  muscles  shorten  the  ve- 
lum and  close  the  postnares.  The  levators  act  upon  the  middle  of  the 
velum  and  are  most  active  in  closing  the  postnares.  The  dilation  of  the 
ventral  opening  of  the  eustachian  tube,  usually  referred  to  the  tensor  mus- 
cle, may  be  due  to  the  action  of  the  levators  in  closing  the  postnares  so 
firmly  that  the  forcible  introduction  of  air  expands  the  tube  and  drives 
the  tympanic  membrane  laterad. 

The  tensor  gives  firmness  to  the  palate  especially  in  deglutition.  The 
pharyngo-staphyle  and  glosso-staphyle  muscles  close  the  Uihmua  of  the 
fauces  in  deglutition. 
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Comparison  of  the  flora  of  Eastern  and  Western  Michigan  in  the 
LATITUDE  OF  44^  iO>.    By  Frof.  W.  J.  Beal,  Agricaltaral  College,  Mich. 

[ABSTRACT.!] 

On  the  western  shore  next  to  Lake  Michigan,  we  find  many  southern 
plants  not  foand  on  the  eastern;  on  eastern  many  northern  plants  not  foand 
on  western.    Lists  were  given. 


Observations  on  the  succession  of  forests  in  Northern  Michigan. 
By  Prof.  W.  J.  Beal,  Agricultural  College,  Mich. 

[ABSTRACT.!] 

A  STUDY  of  virgin  forests  shows  very  old,  stunted  plants  like  those  in 
cleared  land  near  by,  excepting  some  coniferie  which  are  killed  by  fire.  Fire 
has  more  than  once  been  through  some  of  tlie  forests  studied,  as  shown 
by  the  former  killing  of  small  trees  to  the  ground.  Pinua  Banksiana  is  ad- 
mirably adapted  to  succeed  itself,  as  It  Arults young,  fruits  abundantly,  seeds 
retain  vitality  in  cones  closed  up  often  for  seven  years  or  more.  Some 
cones  do  not  open  until  trees  are  killed  by  fire,  then  seeds  drop  on  ground 
ready  to  favor  growth. 


The  systematic  position  of  the  RHizocARPEiB.    By  Douglas  H.  Camp- 
bell, Detroit,  Mich. 

[ABSTRACT.] 

A.  The  present  position  of  the  Bhizocarpece, 

B.  Outline  of  the  work  of  dlflTerent  investigators  on  the  RhlzocarpesB. 
C    Review  of  the  author's  work  on  various  members  of  the  order,  and 

comparison  with  other  Pteridophytes. 
D.    Conclusions. 


POLLKN  GERMINATION  AND  POLLEN  MEASUREMENTS.       By  Dr.   ByRON  D. 

Halsted,  Agricultural  College,  Iowa. 

[ABSTRACT.] 

1st  part— (1)  The  old  methods  of  germination.  (2)  Tests  on  glass 
slides — in  watch-glasses — in  artists'well-slabs.  (8)  The  control  the  method 
offers.    (4)    Facilities  for  comparative  study  of  pollen. 

2nd  part— Measurements.  (1)  When  dry  and  what  Is  shown.  (2)  When 
wet  and  points  demonstrated.  (3)  Importance  of  measurements  being 
taken  for  both  wet  and  dry  pollen. 

^  Printed  In  AUl  in  the  Report  of  the  Michigan  State  Board  of  Agiicultore  for  1888. 
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Obskryations  on  tub  housebuilding  habit  of  the  muskrat.   By  Amos 
W.  Butler,  Brookville,  Ind. 

[AB8TBA0T.] 

This  paper  gave  some  observations  on  the  stmctare  of  muskrat  homes, 
noting  certain  changes  that  have  occurred  in  the  habits  of  the  animal 
within  historic  time.  The  author  also  referred  to  the  extension  of  the 
housebuilding  habit  and  its  rate  of  advancement,  devoting  attention  to  the 
causes  of  the  changes  noted.  The  observations  were  all  made  within 
the  southeast  quarter  of  Indiana. 


Metamorphosis  in  the  plburum  of  Alburodes.    By  Prof.  Herbert 
OsBOKN,  Ames,  Iowa. 

[abstract.] 

Observations  on  a  species  of  Aleurodes  during  prepupal,  pupal,  and  the 
imago  stages  show  that  the  pleurum  in  prepupal  stage  is  equal  in  extent,  and 
not  separable  Arom  the  scales ;  that  during  the  pupal  stage  it  is  detached 
from  scale  and  in  meso-and  meta-thorax  is  rapidly  altered  in  structure, 
while  in  prothorax  and  abdominal  segments  lobes  are  clearly  defined.  In 
the  fresh  Imago  slight  pressure  from  above  causes  the  extrusion  of  these 
lobes  on  prothorax  and  abdomen,  showing  that  the  pleurum  is  simply  con- 
tracted to  form  the  walls  of  the  body,  while  no  such  expansion  In  meso- 
and  meta- thorax  indicates  the  modification  of  this  portion  of  the  pleurum 
to  form  the  wings.  Specimens  showing  these  different  steps  in  develop- 
ment were  submitted  for  examination. 


Entomological  memoranda.    By  Prof.  O.  8.  Westcott,  May  wood.  111. 

[abstbaot.] 

(1)  Further  evidence  of  the  carrlon-lovIng  propensities  of  certain  di- 
nnial  Lepidoptera. 

(2)  Alleged  seasonal  varieties  of  Melitcea  tharos,  viz.,  marcia  and  MoV' 
pheus  equally  abundant  in  the  latter  part  of  July  at  Port  Arthur,  Ontario, 
Canada. 

(8)    Pupation  of  nocturnal  larvae  on  a  gravel  walk. 

(4)  Evidence  of  the  greater  abundance  of  Lachnosterna  gibhosa  Burm. 
than  that  of  Lachnosterna  fusca  Frdhl,  in  some  localities. 

(5)  Vast  numbers  of  CramhidcB  taken  at  light. 

(6)  A  successful  insect  trap. 


A  PLEA  for  uniformity  in  BIOLOGICAL  NOMENCLATURE.       By  Dr.   N.   L. 

Britton,  Columbia  College,  New  York. 
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ADDRESS 

BY 

DR.  CHARLES  C.  ABBOTT, 

VICE-PRESIDENT,  SECTION  H. 


EVIDENCES  OF  THE  ANTIQUITY  OF  MAN  IN  EA8TEBN 

NORTH  AMEBIC  A. 


An  ecclesiastical  body  has  recently  decided,  by  a  significant 
vote,  that  man,  perfect  in  all  his  parts,  had  been  created  de  novo 
from  the  dust  —  that  the  law  of  evolution  has  nothing  whatever  to 
do  with  him  or  his ;  if,  indeed,  it  is  not  a  very  flimsy  figment  of  the 
imagination,  and  a  harmful  plaything  with  which  men  who  aim  to 
be  scientific,  or  rational,  solace  themselves,  because,  in  their  fool- 
hardiness,  they  decline  to  accept  the  asseited  initial  separate  crea- 
tion of  all  living  beings,  from  the  highest  to  the  lowest,  now  living 
or  that  have  lived. 

If  this  decision  of  an  ecclesiastical  body  really  represented  the 
truth,  instead  of  being  a  painful  exhibition  of  stultifying  ignorance. 
Anthropology  would  be  shorn  of  much  of  its  attractiveness,  and 
the  term  '^prehistoric"  would  have  little,  if  any,  meaning.  In 
such  a  case,  the  races  of  America  would  scarcely  be  worthy  of  con- 
sideration, being  but  the  rapidly  degenerated  and  discolored  de- 
scendants of  the  physically  perfect,  yet  painfully  weak-kneed  Adam 
of  Paradise. 

There  is,  on  the  contrary,  unquestionably  but  one  method  of  cor- 
rectly interpreting  the  past,  as  to  the  history  of  man,  and  that  is 
to  adopt  the  same  methods  and  draw  the  same  inferences  as  have 
been  done  in  tracing  the  evolution  of  the  horse,  camel,  elephant  or 
ox.  This,  strangely  enough,  seems  repugnant  to  very  many  who 
feel  that  any  relationship,  however  remote,  with  less  intelligent 
creatures  is  a  refiection  upon  their  own  intelligence  ;  while,  in  fact, 
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tbey  compromise  their  claim  to  a  higb  intellectual  standard  only 
when  they  deny  their  purely  animal  origin. 

To  determine  at  what  precise  point  in  geological  time,  man  ap- 
peared  upon  the  earth,  is,  it  seems  to  me,  obviously  impracticable, 
Arom  the  fact  that  the  dividing  line  separating  humanity  from  the 
non-human  cannot  be  drawn.  It  were  as  easy  to  name  the  mo- 
ment when  the  gloaming  merges  into  night,  or  shout  with  confi- 
dence, now !  as  the  dawn  brightens  into  day.  Nor  is  it  demonstrable, 
with  our  present  knowledge,  to  point  to  that  country  where  the 
momentous  change  first  took  place,  if  it  occurred  but  once.  At 
present,  however,  we  can  safely  say  that  Miocene  man  is  extremely 
problematical,  and  Pliocene  man  a  question  as  yet  unsettled ;  the 
auriferous  gravels  of  California  being  pronounced  late  Tertiary  by 
Whitney,  and  by  LeConte  as  representing  ^*  the  beginning  of  the 
Glacial  Epoch." 

At  all  events,  we  have  neolithic  man  as  far  back  as  the  Glacial 
Epoch  and  possibly  in  the  Pliocene.  Man  in  the  Tertiaries,  there- 
fore, championed  by  my  honored  predecessor.  Professor  Morse, 
becomes  something  more  tangible  than  a  hypothetical  creature. 
Professor  Putnam  has  pithily  outlined  this  important  subject  in  a 
recent  communication  to  the  Boston  Society  of  Natural  History. 
He  there  remarks :  ^^  When  we  compare  the  facts  now  known  from 
the  eastern  side  of  the  continent,  with  those  of  the  western  side, 
they  seem  to  force  upon  us  to  accept  a  far  longer  occupation  by 
man  of  the  western  coast  than  of  the  eastern  ;  for  not  only  on  the 
western  side  of  the  continent  have  his  remains  been  found  in  geo- 
logical beds  unquestionably  earlier  than  the  gravels  of  the  Missis- 
sippi, Ohio  and  Delaware  valleys,  but  he  had  at  that  early  time 
reached  a  degree  of  development  equal  to  that  of  the  inhabitants 
of  California  at  the  time  of  European  contact,  so  far  as  the  char- 
acter of  the  stone  mortars,  chipped  and  polished  stone  implements, 
and  shell  beads,  found  in  the  auriferous  gravels,  can  tell  the  story. 
On  the  Pacific  coast,  where  the  conditions  of  life  were  more  favor- 
able, he  had  passed  beyond  the  palaeolithic  stage  before  his  works 
were  buried  in  the  gravels  under  the  beds  of  lava ;  while  at  a  later 
period  on  the  Atlantic  coast  he  was  still  in  the  palieolithic  stage. 
Either  this  must  be  accepted,  or  else  the  geological  changes  on 
the  Pacific  coast  have  been  entirely  misunderstood ;  for  we  can  no 
longer  question  the  many  instances  of  the  discovery  of  the  works 
of  man,  and  also  of  his  bones,  in  the  Californian  gravels.    The 
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samcf  story  is  told  by  the  beautifully  chipped  implement  of  obsidian 
found  by  Mr.  McGee  in  the  quaternary  deposits  of  Lake  Lahontan 
in  Nevada." 

Man  in  America,  therefore,  must  be  studied  from  a  geological 
standpoint ;  and  not  only,  as  we  have  seen,  is  this  true  of  the  Pa- 
cific coast,  but  signall}'  so,  when,  coming  eastward,  we  reach  the 
Mississippi. 

Mr.  Warren  Upham  has,  during  the  present  year,  published  in 
full,  a  lucid  account  of  his  careful  examinations  of  the  drift  forma- 
tions at,  and  in  the  vicinity  of  Little  Falls,  Minnesota,  where,  in 
1879,  Miss  Babbitt  found  those  extremel3' rude  but  unquestionably 
worked  quaitzes,  concerning  which  there  has  been  much  needless 
comment,  unfavorable  to  their  human  origin  or  their  asserted  an- 
tiquity, even  from  presumably  learned  sources;  and,  of  course, 
lame  attempts  to  belittle  the  discovery  by  those  who  should  know 
better  are  still  heard. 

The  conclusion  of  Mr.  Upham's  paper  is  as  follows :  *'  While  the 
deposition  of  the  valley-drifb  at  Little  Falls  was  still  going  for- 
ward, men  resorted  there,  and  left,  as  the  remnants  of  their  man- 
ufacture  of  stone  implements,  multitudes  of  quartz  fragments.  By 
the  continued  deposition  of  the  modified  drift,  lifling  the  river  up- 
on the  surface  of  its  glacial  flood-plain,  these  quartz  chips  were 
deeply  buried  in  that  formation.  The  date  of  this  valley-drift  must 
be  that  of  the  retreat  of  the  ice  of  the  last  glacial  epoch,  from  whose 
melting  were  supplied  both  this  sediment  and  the  floods  by  which 
it  was  brought.  The  glacial  flood-plain,  beneath  whose  surface 
the  quartz  fragments  occur,  was  deposited  in  the  same  manner  as 
additions  are  now  made  to  the  surface  of  the  bottom-land  ;  and  the 
flooded  condition  of  the  river,  by  which  this  was  done,  was  doubt- 
less maintained  through  all  the  warm  portion  of  the  year,  while  the 
ice-sheet  was  being  melted  away  upon  the  region  of  its  head-waters. 
But  in  spring,  autumn  and  winter,  or,  in  exceptional  years,  through 
much  of  the  summer,  it  seems  probable  that  the  river  was  confined 
to  a  channel,  being  of  insufiScient  volume  to  cover  its  flood-plain. 
At  such  time  this  plain  was  the  site  of  human  habitations  and  in- 
dustry." 

In  1888,  as  the  result  of  exhaustive  studies  of  glacial  deposits, 
from  New  Jersey  westward,  across  Ohio,  Rev.  6.  Frederick  Wright 
predicted  that  traces  of  palaeolithic  man  would  be  found  in  the  lat- 
ter state.      Commenting  upon  such  evidences  as  occurring  else- 
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where,  he  remarks :  '^  Man  was  on  this  continent  at  that  period  when 
the  climate  and  ice  of  Greenland  extended  to  the  mouth  of  New 
York  Harbor.  The  probability  is  that  if  he  was  in  New  Jersey  at 
that  time  he  was  also  upon  tlie  banks  of  the  Ohio,  and  the  exten- 
sive terrace  and  gravel  deposits  in  the  southern  part  of  onr  state 
should  be  closely  scanned  by  archaeologists.  When  observers  be- 
come familiar  with  the  rude  form  of  these  palaeolithic  implements 
they  will  doubtless  find  them  in  abundance." 

Palaeolithic  implements,  concerning  which  there  can  be  no  doubt, 
have  not  been  discovered  in  abundance  as  yet,  but  Professor 
Wright's  belief  proves  to  have  been  well  founded.  Dr.  C.  L. 
Metz  of  Madisonville,  Ohio,  has  discovered  two  specimens  which 
set  the  matter  at  rest.  Both  were  found  at  significant  depths ; 
one  of  them,  nearly  thirty  feet  below  the  surface.  The  region, 
where  found,  is  one  characterized  by  immense  gravel  deposits  of 
glacial  age  and  origin.  They  have  been  carefully  studied  and 
reported  upon  by  Prof.  Putnam  and  by  Mr.  Wright,  who  remarks, 
in  conclusion,  with  reference  to  the  discoveries  of  Dr.  Metz : 

'*In  the  light  of  the  exposition  just  given,  these  implements  will 
at  once  be  recognized  as  among  the  most  important  archaeological 
discoveries  yet  made  in  America,  ranking  on  a  par  with  those  of 
Dr.  Abbott,  at  Trenton,  N.  J.  They  show  that  in  Ohio,  as  well  as 
on  the  Atlantic  coast,  man  was  an  inhabitant  before  the  close  of  the 
glacial  period.  We  can  henceforth  speak  with  confidence  of  inter- 
glacial  man  in  Ohio.  It  is  facts  like  these  which  give  ai*chaeologi- 
cal  significance  to  the  present  fruitful  inquiries  concerning  the  date 
of  the  glacial  epoch  in  North  America.  When  the  age  of  the  mound- 
builders  of  Ohio  is  reckoned  by  centuries,  that  of  the  glacial  man 
who  chipped  these  palaeolithic  implements  must  be  reckoned  by 
thousands  of  years." 

Mr.  Hilborne  T.  Cresson  will,  at  this  meeting,  present  notices  of 
his  discovery  of  two  chipped  implements  of  argil  lite  which  he  found 
in  situ^  at  a  depth  of  several  feet  from  the  surface,  in  railroad  cut- 
tings through  the  old  terrace  of  the  Delaware  river  in  Claymont 
count}^  Delaware.  The  geological  position  of  these  specimens  will 
excite  discussion,  but  their  great  age  will  not  be  questioned.  Of 
particular  interest  in  relation  to  discoveries  in  the  gravels  at  Tren- 
ton and  Ohio,  is  the  discovery  of  a  large  flint  implement  found  by 
Mr.  Cresson  in  the  glacial  gravel  in  Jackson  count}^  Indiana.  An 
account  of  this  specimen  will  also  be  presented  to  this  section  dur- 
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ing  the  meeting  by  Professor  Putnam  for  Mr.  Cresson.  I  am  per- 
mitted to  call  attention  in  advance  to  these  new  facts  in  the  dis- 
tribution of  paleolithic  implements,  and  I  may  add  that  it  is  of 
extreme  importance  that  these  rude  implements  from  New  Jersey, 
Delaware,  Ohio,  Indiana  and  Minnesota  are  in  the  Peabody  Museum 
at  Cambridge,  where  they  can  be  freely  studied  and  compared  with 
each  other  and  with  the  specimens  from  the  gravels  of  the  old  world. 

Nor  are  these  instances  of  the  discovery  of  palseolithic  man,  in* 
North  America,  all  that  are  upon  record ;  but  are  they  not  enough? 
Why,  indeed,  should  the  bare  mention  of  the  poor  fellow's  name 
still  excite  a  sneer?  There  will  probably  always  be  over-cautious* 
folk  who  will  only  accept  cum  grano  scUiSj  the  Man  of  the  Tertia- 
ries,  however  eloquently  he  may  be  plead  for ;  but  no  one  willing 
to  accept  other  testimony  than  his  or  her  own  eyes — often  the  most 
treacherous  of  guides — can  in  fairness  turn  their  backs,  when  wc 
speak  of  that  primitive  chipper  of  flinty  rock,  who,  with  no  other 
weapon,  at  least,  held  at  bay,  the  savage  beasts  of  primeval  times ; 
and  who,  with  a  cunning  that  is  ever  better  than  mere  strength  of 
limb,  proved  a  powerful  foe  of  both  the  mammoth  and  the  masto- 
don. Such  a  man  stands  out  in  the  geological  history  of  the  Mis- 
sissippi  and  Ohio  valleys,  not  as  a  dim  shadow,  but  a  substantial 
fact. 

Was  he  confined  to  these  two  portions  of  the  country  ?  By  no- 
means.  On  the  contrary,  it  would  appear  that  as  either  seaboard 
was  neared,  his  numbers  increased,  and  that  as  a  coast-dweller  he 
preeminently  flourished.  In  the  valley  of  the  Delaware  river  pa- 
leolithic man  has  left  such  abundant  traces  of  his  former  presence, 
in  the  form  of  rudely- fashioned  stone  implements,  that  for  long 
they  were  considered  as  the  hasty  or  unfinished  work  of  the  later 
Indians. 

As  the  first  to  point  out  what  is  now  maintained  by  competent 
archaeologists  to  be  their  real  significance,  I  may  be  pardoned  for 
devoting  the  conclusion  of  my  address  to  a  consideration  of  that 
region — the  Delaware  valley — so  far  as  its  phj'sical  character  and 
the  traces  of  prehistoric  man  found  there  have  a  bearing  on  the 
question  of  the  antiquity  of  Man  in  America. 

The  literature  of  the  subject  is  now  so  considerable — not  includ- 
ing the  inanities  of  the  ignorant — that  a  brief  r^sum^  would  of  it- 
self outreach  reasonable  limits,  and  I  purpose  therefore  to  confine 
myself  more  particularly  to  the  results  of  my  own  work.    But  do 
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not  suppose  that  others  have  not  carefally  gone  over  the  same 
ground.  Shaler,  Belt,  Whitney,  Wright,  Pumpelly,  McGee,  CarTill 
Lewis  and  our  State  Geologist,  Cook,  as  geologists  are  practically 
one  in  their  view  that  the  gravel  deposits  ai*e  so  far  ancient  as  to 
be  yeiy  significant  as  to  whatever  traces  of  man  or  other  mammals, 
they  may  contain  ;  while  Dawkins,  Tylor,  Patnam,  Morse,  Haynes, 
Wilson  and  De  Costa  have  all  been  more  or  less  successfal  in  find- 
ing traces  of  palieolithio  man  in  this  river  valley,  and  admit  with- 
out qaalification,  his  former  presence. 

The  question  may  now  be  asked,  what  is  a  palseolithic  imple- 
ment? It  is  not  vei-y  readily  defined  as  there  is  considerable  va- 
riation in  the  shape ;  but  as  I  understand  the  significance  of  the 
term,  it  is  properly  applied  to  coarsely  chipped  masses  of  flinty 
rock  upon  which  a  distinctly  designed  cutting  edge  is  formed,  to 
which  is  often  added  an  acute  point.  Furthermore,  the}*^  show  un- 
mistakable evidence  of  antiquity  by  the  weathering  of  their  sur- 
faces, and  they  are  found  as  a  rule,  but  not  necessarily  always,  in 
deposits  of  glacial  or  river  drifb  with  which  they  agree  in  age. 

How  far  do  these  Trentonian  Implements  meet  with  these  re- 
quirements? As  their  discoverer,  I  prefer  to  give  the  opinions  of 
others,  rather  thau  my  own.  This  is  what  Dr.  M.  £.  Wadsworth, 
the  lithologist,  has  said  of  them :  ^^ Certain  of  these  specimens  were 
placed  in  my  hands  in  1876  for  examination,  their  lithol<^ical 
character  then  being  unknown.  Tliey  were  found  by  macroscopic 
and  microscopic  examination  to  have  been  made  from  argillite, 
greatly  indurated,* and  breaking  with  a  conchoidal  fracture.  The 
specimens  were  weathereil  to  a  greater  or  less  extent  and  showed 
plainly  that  the  fractures  must  have  been  made  long  ago.  A  few 
small  fVacturea  of  secondary  character  occur.  This  secondary 
chipping  evidently  took  place  long  after  the  original  fracturing, 
but  also  long  ago,  as  is  shown  by  the  weathering  of  the  surfaces  of 
both  the  primary  and  secondary  fi'actures.  The  few  secondary 
ft'aotures  are  probably  natural,  and  could  easily  occur  if  subjected 
to  the  action  Dr.  Abbott  supposes.  The  original  chipping  could 
not  have  taken  place  by  any  known  natural  causes  acting  upon 
nH'kst  ^o  (Vu*  as  the  writer  has  any  knowledge.  Of  course  it  then 
brings  us  to  the  only  agency  that  could  do  the  work — ^man.  The 
characters  of  the  specimens,  petrographicall}',  bore  out  the  state- 
ments made  to  me  by  Mr.  Putnam,  of  the  conditions  under  which 
Uiey  wora  found,  whether  upon  the  surface  or  in  the  gravels.    I  do 
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not  see  how  it  is  possible  that  such  correspondence  of  characters 
could  exist  unless  the  specimens  were  found  under  the  conditions 
reported. 

The  lithological  characters  then  show  that  the  specimens  are 
not  natural  forms;  that  being  composed  of  a  slow  weathering 
rock,  they  must  have  been  maile  long  years  ago ;  that  many  years 
later  they  were  subject  to  other  conditions,  probably  natural,  by 
which  part  have  been  modified ;  that  since  then,  they  have  lain 
for  many,  many  years  exposed  to  weathering  agencies ;  some 
showing  that  they  have  been  subject  to  this  action  while  lying  on 
or  near  the  surface,  and  others  while  buried  to  some  depth. 

Their  weathering  corresponds  to  that  observed  on  pebbles  of 
similar  composition  in  gravels  elsewhere.  It  is  to  be  remembered 
that  all  the  weathering  has  taken  place  since  the  Abbott  speci- 
mens were  originally  chipped. 

The  term  weathering,  as  here  employed,  means  the  alteration 
and  decay  that  have  taken  place  on  the  surface  of  the  specimen  ^ 
but  does  not  imply  that  it  has  been  exposed  on  the  surface  of  the 
ground;  it  may  or  may  not  have  been ;  the  weathering  itself 
shows  with  greater  or  less  clearness  whether  this  occurred  from 
surface  exposure  or  not. 

Part  of  the  specimens  shown  me  bore  evidence  that  they  had 
originally  been  exposed  to  weathering  on  the  surface  of  the 
ground  and  been  covered  since,  but  the  covering  evidently  took 
place  ages  ago,  if  the  weathering  that  they  have  been  subjected 
to  since  is  any  criterion. 

The  term  '^  argillite,"  as  employed  by  me,  is  used  to  designate 
all  argillaceous  rocks,  in  which  the  argillaceous  material  is  the 
predominant  characteristic ;  slate  or  clay-slate,  clay-stone,  etc.,  are 
simply  varieties  of  it,  the  term  slate  being  only  rightfully  used 
when  slaty  cleavage  is  developed.  The  argillite  out  of  which 
these  specimens  were  made  has  no  trace  of  cleavage." 

According  to  Professor  Haynes,  a  skilled  observer,  who  has  given 
much  time  to  the  study  of  palseolithic  man  in  Europe,  as  well  as 
in  this  country,  '^  the  term  palaeolithic  is  primarily  restdcted  in 
meaning  to  such  objects  ....  when  met  with  under  peculiar  geo- 
logical conditions ;  that  is  to  say,  when  found  embedded  in  the 
gravels  which  have  been  deposited  by  certain  rivers  during  the 
period  known  to  the  geologists  as  the  quaternary  or  pleistocene 
period.    At  that  time  their  volume  of  water  was  much  greater 
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than  it  now  is,  which  was  caased  by  the  melting  of  the  great  ice- 
cap that  once  covered  the  northern  portion  of  both  continents,  ac- 
companied by  a  climate  mach  more  humid  than  we  have  at  present. 
Such  accumulations  of  gravel  are  often  of  very  great  thickness 
and  embedded  in  them,  side  by  side  with  the  stone  implements 
above  described,  are  found  the  fossil  bones  of  extinct  species  of 
animals,  such  as  the  mammoth."  After  mentioning,  in  the  same 
paper,  the  various  localities  in  Europe  that  he  had  carefully  exam- 
ined, he  remarks  with  reference  to  the  locality  under  considera- 
tion: 

''From  these  various  experiences  I  feel  myself  warranted  in  stat- 
ing that  the  general  appearance  of  the  country  and  the  character 
of  the  gravels  at  Trenton,  N.  J.,  present  a  most  striking  resem- 
blance to  what  I  have  seen  in  the  various  localities  in  the  Old 
World  to  which  I  have  referred.  There  is  the  same  rudely  strati- 
fied mingling  of  coarse  materials  marked  by  a  similar  absence  of 
clay Speaking  .  .  .  from  an  archseological  stand- 
point, I  do  not  hesitate  to  declare  my  firm  conviction  that  the  rude 
argillite  objects  found  in  the  gravels  of  the  Delaware  river,  at  Tren- 
ton, N.  J.,  are  true  palseolithic  implements." 

My  own  impressions  of  their  true  character  was  not  suddenly 
reached.  The  evidence,  of  other  kind,  of  the  antiquity  of  the  In- 
dian, led  me  to  consider  them  as  rude  objects  made  for  some  trivial 
purpose  and  discarded.  Later,  I  became  convinced  that  they  were 
older  than  ordinary  surface-found  relics,  and  assumed  that  the  In- 
dian of  history  commenced  his  career  in  this  valley  while  in  the 
palseolithic  stage  of  culture. 

Thus,  while  pursuing  my  collecting  of  Indian  relics,  it  was  grad- 
ually forced  upon  my  mind  that  these  rude  implements  were  more 
intimately  associated  with  the  gravel  than  with  the  surface  of  the 
ground  and  the  relics  of  the  Indians  found  upon  it. 

Acting  upon  this,  I  continued  for  two  years  to  examine  most 
carefully  both  the  surface  of  our  fields  and  every  exposure  of  the 
underlying  gravels  ;  and  in  June,  1876,  after  having  found  several 
chipped  implements  in  aitu^  expressed  the  opinion  that  the  Dela- 
ware river,  ''  now  occupying  a  comparatively  small  and  shallow 
channel,  once  flowed  at  an  elevation  of  nearly  fifty  feet  above  its 
present  level ;  and  it  was  when  such  a  mighty  stream  as  this,  that 
man  first  gazed  upon  its  waters  and  lost  those  rude  weapons  in  its 
swift  current,  that  now,  in  the  beds  of  gravel  which  its  floods 
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have  deposited,  are  alike  the  puzzle  and  delight  of  the  archaeolo- 
gist. Had  these  first  comers,  like  the  troglod3'tes  of  France,  con- 
yenient  caves  to  shelter  them,  doubtless  we  should  have  their  better 
wrought  implements  of  bone  to  tell  more  surely  the  story  of  their 
ancient  sojourn  here ;  but  wanting  them,  their  history  is  not  alto- 
gether lost,  and  in  the  rude  weapons,  now  deeply  embedded  in  the 
river's  banks,  we  learn,  at  least,  the  fact  of  the  presence,  in  the  dis- 
tant past,  of  an  earlier  people  than  the  Indian." 

Thus  it  will  be  seen  that  I  have  been  fairly  cautious  in  my  state- 
ments and  slow  in  reaching  any  conclusions  with  reference  to  these 
implements  which  separated  them  from  ordinary  Indian  relics. 

In  September,  1876,  Mr.  Putnam,  the  Curator  of  the  Peabody 
Museum  of  Archaeology  at  Cambridge,  Mass.,  favored  me  with  a 
visit,  and  together  we  carefully  examined  the  river  bluff  below 
Trenton,  and  succeeded  in  finding  two  specimens  in  aitUj  such  as  I 
had  previously  described  in  the  American  Naturalist.  At  his  re- 
quest, I  continued  my  examinations  of  these  gravels,  acting  under 
an  appropriation  made  by  the  Peabody  Museum  for  this  purpose ; 
and,  in  November  of  the  same  year,  submitted  to  him  a  report  On 
tJie  Discovery  of  Supposed  PaJlceolithic  Implements  from  the  Glacial 
Drift  in  Hie  Valley  of  the  Delaware  River,  near  Trenton,  New  Jer- 
sey. Still  realizing  how  all-important  it  was  in  this  matter  to  make 
haste  slowly,  I  purposely  referred  to  these  chipped  stones  as  sup- 
posed palaeolithic  implements,  and  gave,  in  detail,  my  reasons  for 
thus  considering  them. 

Referring  to  this  report,  Mr.  Putnam  remarked,  in  his  annual 
report  to  the  trustees  of  the  Peabody  Museum,  that  ^'  from  a  visit 
to  the  locality  with  Dr.  Abbott,  I  see  no  reason  to  doubt  the  gen- 
eral conclusion  he  has  reached  in  regard  to  the  existence  of  man 
in  glacial  times  on  the  Atlantic  coast  of  North  America.'' 

Before  this  report  was  published  these  gravel  deposits  were  vis- 
ited by  Prof.  N.  S.  Shaler,  who  was  fortunate  enough  to  find  a 
characteristic  specimen,  but  not  in  situ,  I  also  found  one,  like- 
wise in  the  talus.  Of  these  specimens.  Professor  Shaler  says, 
"  Although  the  whole  face  of  the  escarpment  is  in  motion,  creep- 
ing slowly  under  the  influence  of  frost  and  gravity  towards  its 
base,  it  was  difficult  to  believe  that  these  specimens,  found  about 
twelve  feet  below  the  top  of  the  bank,  had  travelled  down  from 
the  superficial  soil." 

Continuing  my  own  researches,  in  1877, 1  made  a  second  report 
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on  the  occarrenoe  of  these  implements,  and  re-affirmed  my  convic- 
tion that  in  the  specimens  of  artificiallj  chipped  pebbles,  from 
these  gravel  deposits,  we  have  evidence  of  man's  presence  at  an 
earlier  date  than  the  snpposed  advent  of  the  Indian ;  and  referred 
them  geologically  to  the  glacial  epoch,  in  accordance  with  the 
writings  of  Proresaor  Cook,  state  geologist  of  New  Jersey,  who 
had  pronounced  these  gravels  as  of  glacial  origin. 

This,  briefly,  is  the  history  of  my  own  labors  in  this  field ;  la- 
bors continaed  to  the  present  time  and  with  results  that  have  in- 
variably confirmed  my  impressions,  as  I  have  outlined  them. 

But  admitting  that  a  given  class  of  stone  implements  is  char- 
acteristic of  a  given  deposit  of  gravel,  and  I  think  we  must  admit 
this  now,  what  is  the  geological  history  of  this  deposit?  Is  it  too 
recent  to  be  of  special  import,  or  too  ancient  to  be  of  arch»ologi- 
cal  significance?  Both  views  have  been  held,  and  neither  proves 
tenable.  That  the  former  view  should  have  found  supporters  is  in- 
deed strange.  Certainly  there  is  now  no  movement  of  the  gravel 
by  the  river,  whatever  its  condition  or  freshet  stage ;  and  certainly, 
if  these  rude  forms  were  of  identical  origin  with  common  Indian 
relics,  then  rude  and  elaborate  alike, — jasper,  quartz,  porphyry  and 
slate  together ;  axes,  spears,  pottery  and  ornaments,  all  of  which 
are  found  upon  the  surface,  should  have  gradually  become  com- 
mingled with  the  gravel,  even  to  great  depths.  Any  disturbance 
that  would  bury  one,  would  inhume  alike  the  various  forms  of  neo- 
lithic implements.     Such,  however,  is  not  the  case. 

How  old  and  not  how  recent  are  the  Delaware  valley,  or,  as  they 
are  now  known,  Trenton  gravels ?  This,  it  is  all-important,  should 
be  definitely  determined.  Until  recently,  there  has  been  the  widest 
range  of  opinion  upon  this  point,  and  so  gpreat  an  antiquity  claimed, 
that  it  was  wholly  incredible  that  man  should  then  have  lived.  How 
true  it  is,  as  Professor  Morse  has  tersely  remarked,  ^^  Man,  pro- 
foundly interested  in  his  origin  and  antiquity,  finds  himself  ham- 
pered in  his  investigations  by  the  opinions  and  prejudices  that  have 
grown  up  with  him.  He  finds  it  well-nigh  impossible  to  step  outside 
of  himself  and  regard  himself  as  a  mammal  among  hundreds  of 
other  species  of  mammals.*' 

Depending  upon  others  for  my  geology,  under  the  circumstances 
mentioned,  it  can  readily  be  understood  why  I  was  often  so  sadly 
bewildered.  It  was  not  only  an  instance  of  many  men  of  many 
minds,  but  occasionally  the  same  individual  with  numerous  opin- 
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ions.  ArchflBological  investigation,  under  such  circumstanoes,  was 
an  up-hill  task,  the  path  to  the  truth  being  blocked  by  the  obsta- 
cles that  ignorance,  prejudice  and  hasty  conclusions  heaped  about 
it ;  but  all  the  while,  the  gravel-beds  themselves  were  inexorable 
and  continued  to  yield  evidences  of  man  in  spite  of  the  interdic- 
tions of  the  baffled  prophets. 

A  clear  light  was  finally  thrown  upon  these  implement-bearing 
gravels,  as  the  result  of  a  careful  study  of  them,  from  a  geological 
standpoint,  by  Bev.  6.  Frederick  Wright,  who,  as  we  have  already 
seen,  has  determined  the  relationship  of  all  such  deposits,  lying 
immediately  south  of  the  terminal  moraine,  to  that  greater  deposit, 
and  so  given  us  approximately,  their  own  age  and  connection  with 
the  last  glacial  epoch. 

It  is  not  necessary  to  give  in  detail,  the  conclusions  reached  by 
Mr.  Wright.  Suffice  it  to  say,  that  he  shows  these  gravels  to  be 
the  last  important  result'of  the  glacial  epoch,  the  direct  result  of 
the  melting  of  the  glaciers,  as  they  retired  northward ;  and  that 
while  this  was  in  progress,  the  rude  implements  of  palaeolithic 
man  were  lost  and  embedded  in  them. 

Admitting  this,  how  long  ago  did  it  take  place?  How  great  an 
antiquity  does  it  imply  ?  In  this  matter,  Mr.  Wright  has  been  very 
generous,  for  which  we  are  duly  thankful,  for  the  archaeologist  has 
an  almost  insatiable  appetite,  never  yet  having  had  his  fill  of  ages. 

Concerning  the  antiquity  of  palaeolithic  man  in  North  America, 
Mr.  Wright  has  remai*ked  as  follows : 

^^A  word  may  properly  be  said  with  reference  to  the  bearing  of 
these  facts  upon  the  date  of  man's  appearance  in  America.  In 
the  first  place,  it  should  be  observed  that,  to  say  man  was  here  be- 
fore the  close  of  the  glacial  period  only  fixes  a  minimum  point  as 
to  his  antiquity.  How  long  he  may  have  been  here  previous  to  that 
time  must  be  determined  by  other  considerations.  Secondly,  with 
our  present  knowledge  of  glacial  phenomena,  the  date  of  the  close  of 
the  glacial  period  is  regarded  as  much  more  modern  than  it  was  a  few 
years  ago.  Sir  Charles  Lyell's  estimate  of  35,000  years  as  the  age 
of  the  Niagara  gorge,  which  is  one  of  the  best  measures  of  post- 
glacial time  which  has  yet  been  studied,  is  greatly  reduced  by  what 
we  now  know  of  the  rate  at  which  erosion  is  proceeding  at  the  falls. 
Ten  thousand  years  is  now  regarded  as  a  liberal  allowance  for  the 
age  of  that  gorge.  But,  finally,  the  term  '^close  of  the  glacial  pe- 
riod" is  itself  a, very  indefinite  expression.    The  glacial  period  was 
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a  long  time  in  closing.  The  erosion  of  the  Niagara  gorge  began 
at  a  time  long  subsequent  to  the  deposit  of  the  gravel  at  Trenton 
and  at  Madisonville.  Between  those  two  events  time  enough  must 
have  elapsed  for  the  ice-front  to  have  receded  a  hundred  miles  or 
more,  or  all  the  distance  from  New  York  to  Albany ;  since  only  at 
that  stage  of  retreat  would  the  valley  of  the  Mohawk  have  been 
freed  from  ice  so  as  to  allow  the  Niagara  River  to  begin  its  work. 
The  deposits  at  Trenton  and  Madisonville  took  place  while  the  ice- 
sheet  still  lingered  in  the  southern  watershed  of  New  York,  Penn- 
sylvania and  Ohio,"  and  in  a  letter  to  me,  bearing  upon  this  ques- 
ion,  he  has  kindly  added,  ''  you  have  got  all  the  time  you  need,  so 
far  as  I  can  now  see."  This  is  certainly  encouraging !  There  was 
a  time  when,  to  all  appearances,  American  archaeology  would  have 
to  be  squeezed  into  the  cramped  quarters  of  ten  thousand  years ; 
but  we  are  pretty  sure  of  twenty'  or  even  thirty  thousand  now,  in 
which  to  spread  out  in  proper  sequence  and  without  confusion  the 
long  train  of  human  activities  that  have  transpired  during  pre- 
historic time.  ^ 

Mr.  McGee,  at  the  last  meeting  of  this  Association,  in  giving 
the  results  of  his  studies  of  the  Columbia  formation,  remarks  as 
follows :  ^^It  has  been  inferred  from  the  relation  of  the  Columbia 
formation  to  the  terminal  moraine  and  the  drift-sheet  which  it 
fringes,  that  the  older  deposit  represents  a  period  of  quaternary 
cold,  much  earlier,  much  longer  continued,  and  accompanied  by 
much  greater  submergence,  than  the  epoch  of  cold  represented  by 
the  newer  deposits ;  and  it  has  been  inferred  from  the  relative  ero- 
sion of  water-ways  since  the  two  deposits — Columbia  and  latest 
glacial — were  formed  that  the  interval  of  mild  climate  and  high 
level  of  the  land  between  the  two  epochs  of  cold  was  fi*om  three  to 
ten  times  as  long  as  the  postglacial  period.  These  inferences  ai-e 
Ailly  sustained  by  a  long  series  of  observations  extending  over  three 
years  of  time  and  many  thousand  square  miles  of  area." 

If  then,  we  accept  the  most  moderate  estimate  of  the  length  of 
postglacial  time,  some  six  thousand  yeara,  we  have  of  interglacial 
time  (».  e.,  between  the  first  and  second  epochs)  from  eighteen 
thousand  to  sixty  thousand  years,  and  to  this,  as  I  understand  the 
matter,  must  be  added,  the  long  stretch  of  time  during  which  the 
second  epoch  of  cold  continued.  Assuming,  therefore,  that  geolo- 
gists have  made  no  mistake,  archaeology  has  time  enough  and  to 
spare.    At  no  time  was  the  continent  uninhabitable,  however  thick 


ADDRESS  BT  CHARLES  0.  ABBOTT.  305 

and  wide-reaching  the  ice,  or  deeply  submerged  the  lower  lying 
areas.  Still  there  was  land  enough  for  mammalian  life  in  all  its 
glory,  and  it  flourished  at  the  very  foot  of  the  advancing  ice-sheet, 
and  reentered  every  tract  as  the  glaciers  withdrew.  Then  we  had 
the  mastodon  and  mammoth,  reindeer  and  bison,  musk-ox  and 
moose  and  Man  familiar  with  them  all. 

In  November,  1887,  Mr.  McGee  presented  to  the  Anthropolog- 
ical Society  of  Washington,  a  communication  on  ^^The  Conditions 
of  Accumulation  of  the  Trenton  Gravels."  As  it  gives  the  clear- 
est description  of  the  geological  conditions  of  the  neighborhood,  I 
propose  to  quote  freely  from  an  abstract  of  the  paper  kindly  fur- 
nished me  by  the  author. 

Mr.  McGee  says :  "  There  are,  in  the  vicinity  of  Trenton,  N.  J.,, 
two  distinct  gravel  deposits  widely  different  in  age.  The  first  is 
a  mass  of  current-bedded  pebbles,  cobbles,  bowlders  and  coarse 
sand,  generally  graduating  upward  into  a  homogeneous  loam  or 
brick  clay  containing  rare  bowlders ;  the  deposit  rises  to  altitudes 
of  perhaps  two  hundred  and  fifty  feet  in  the  latitude  of  Trenton, 
covers  the  surface  generally  as  a  mantle  of  variable  thickness  up 
to  fifty  or  sixty  feet  and  is  sometimes  fashioned  into  terraces — 
through  one  of  the  best  examples  of  which  the  Delaware  river  has 
cut  a  moderately  broad  gorge  in  the  upper  part  of  the  city  of 
Trenton  ;  the  brick  clays  and  gravel  deposits  along  the  Delaware 
river  .  .  .  the  Columbia  formation  of  the  present  author  (McGee) 
•  .  .  represent  a  sub-estuarine  or  submarine  delta  of  the  Dela- 
ware river,  together  with  associated  littoral  deposits  formed  during 
the  earlier  epoch  of  cold  of  the  Quaternary  when  the  land  in  the 
latitude  of  Trenton  was  submerged  two  hundred  and  fifty  feet  or 
more. 

The  second  gravel  deposit  is  confined  to  an  irregular  area  of  the 
lowlands  on  both  sides  of  the  Delaware  river  above  its  great  bend 
at  Bordentown.  It  is  composed  of  pebbles  and  cobbles  (most  of 
which  are  well  rounded),  together  with  scattered  bowlders,  embed- 
ded in  a  scant  matrix  of  sand,  loam  and  silt ;  the  surface  of  the 
deposit  is  generally  horizontal  save  where  cut  by  recent  drainage 
and  its  base  is  irregular ;  its  maximum  thickness  reaching  perhaps 
forty  or  fifty  feet.  It  is  evidently  water-laid,  though  its  bowlders 
appear  to  be  ice-dropped,  and  it  unquestionably  is  the  southern- 
most extension  of  the  overwash'  gravels  from  the  terminal  moraine 
formed  during  the  later  epoch  of  cold  of  the  Quaternary  when  the 
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land  was  depressed  as  far  southward  as  Philadelphia.  It  is  to  this 
deposit  that  the  name  ^Trenton  Gravels'  has  been  applied,  and 
its  interest  to  anthropologists  lies  in  the  fact  that  palaeolithic  im- 
plements are  abundantly  embedded  within  it. 

The  configuration  and  structure  of  the  Trenton  gravels  alike  in- 
dicate that  they  were  deposited  within  and  practically  filled  an 
estuary  of  the  Delaware  river  contemporaneous  with  the  later 
northern  ice  sheet  and  the  hypsometric  and  geographic  distribution 
of  the  deposit  indicates  the  geographic  conditions  existing  above 
the  head  of  the  Delaware  Bay  at  that  period.  Restored  in  accord- 
ance with  the  testimony  of  the  Trenton  gravels  the  Delaware  Bay 
of  late  quaternary  time  is  transmuted  from  its  present  condition 
to  a  narrow  tidal  river,  similar  to  the  lower  Hudson,  extending 
from  the  terminal  moraine  to  Trenton,  and  there  expanding  sud- 
denly into  a  broad  estuary  analogous  with  that  of  the  Susquelianna 
at  its  embouchure  into  Chesapeake  Bay  ;  indeed,  the  ancient  Del- 
aware Bay  so  closely  resembled  the  present  Chesapeake  Bay  that 
the  latter  conveys  a  definite  conception  of  the  former.  The  de- 
pression of  the  ice-burdened  land  extended  southward  barely  to 
Philadelphia,  and  thus  the  tidal  waters  occupied  a  considerable 
area  similar  to  the  expanded  head  of  Chesapeake  Bay.  Into  this 
ancient  Delaware  Bay  the  great  river,  fed  by  the  melting  ice  sheet, 
swept  its  detritus  to  be  distributed  by  the  waves. and  deposited  in 
horizontal  layers ;  and  during  the  seasons  of  most  rapid  melting, 
ice  floes  formed  nearer  the  margin  of  the  glacier,  bore  the  sand, 
pebbles  and  bowlders  collected  in  the  upper  i*eaches  of  the  river 
into  this  bay  and  there  they  floated  in  the  curi*entless  waters  until 
they  dropped  their  burdens,  just  as  do  the  smaller  ice  floes  in  the 
Chesapeake  Bay  of  to-day  ;  while  the  finer  detritus  was  mainly  de- 
posited in  the  upper  reach  of  the  river  as  is  the  case  to-day  in  the 
Hudson.  Meantime,  the  northern  ice  was  a  hundred  miles  away 
and  did  not  prevent  primitive  man  from  assembling  about  the  low 
and  hospitable  shores  of  the  miniature  sea  which  was  probably  the 
home  of  fish  and  fowl  just  as  Chesapeake  Bay  is  now  the  haunt  of 
myriads  of  ducks  and  geese,  and  a  famous  fishing  ground ;  and 
over  the  bosom  of  the  bay,  little  affected  by  tide  because  of  its 
distance  from  the  ocean,  and  little  disturbed  by  waves  because  of 
its  shoalness,  palaeolithic  man  may  have  fioated  on  the  simplest 
craft  or  even  have  waded  in  the  shallow  waters,  as  either  primitive 
or  civilized  man  might  in  the  modem  Chesapeake.    These  are  the 
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conditions  nnder  which  the  Trenton  gravels  were  accumalated  and 
the  presence  of  contemporary  man  is  attested  by  the  examples  of 
his  handiwork  in  all  horizons  of  the  deposit. 

It  is  significant  that  all  [nearly  all — C.  C.  A.]  the  palaeolithic 
implements  found  in  the  Trenton  gravels  are  of  like  material —  i,  e., 
a  variety  of  argil  lite — and  that  natural  pebbles  of  this  material  are 
rare  in  the  formation.  It  occurs  in  aitu  ....  not  far  from  the 
Quaternary  ice  margin,  and  bowlders  of  it  are  occasionally  found 
in  the  deposit  about  Trenton,  but  its  occurrence  in  the  form  of 
pebbles  is  so  rare  as  to  indicate  that  the  implements  must  have 
been  manufactured  at  a  distance  and  carried  by  human  agency  to 
the  ancient  Delaware  to  be  lost  beneath  its  waters.  It  is  signifi- 
cant, too,  that  the  demonstrably  artificial  objects  are  least  abun- 
dant toward  the  base  of  the  deposit  which  was  laid  down  before 
the  geographic  conditions  above  indicated  were  fully  developed 
and  that  they  increase  in  abundance  upward  culminating  in  the 
superior  portion  of  the  deposit  formed  when  the  geography  of  the 
ancient  Delaware  most  closely  approached  that  of  the  present 
Chesapeake ;  finally,  it  is  significant  that  the  distinctive  palaeolith 
found  within  the  Trenton  gravel  are  also  found  on  the  adjacent 
surface  made  up  of  the  older  (Columbia)  gravels  associated  with 
implements  of  more  modern  type,  but  that  they  are  exceedingly 
rare  over  the  surface  of  the  Trenton  gravels  themselves  upon  which 
the  more  modern  implements  are  common. 

It  should  be  noted  that  by  study  of  the  Trenton  and  Columbian 
gravels  in  conjunction  with  investigations  of  the  terminal  moraine 
and  other  glacial  deposits  farther  northward,  the  Quaternary  his- 
tory of  the  region  about  Trenton  has  been  elucidated.  It  has  been 
ascertained  that  the  Quaternary  period  of  the  geologists  comprised 
two  great  epochs  of  cold  ....  and  it  is  noteworthy  that  all  of 
the  remains  of  palseolithic  man  thus  far  authentically  reported  from 
the  Quaternary  deposits  of  eastern  United  States  have  come  from 
deposits  from  the  later  ice  action." 

Why  should  we  abstain  from  reconstructing  a  picture  of  the  past 
from  the  fossils  characteristic  of  a  given  geological  horizon,  simply 
because  man  must  be  included  ?  To  deny  that  any  record  is  read 
aright  because  man  figures  in  the  past  with  extinct  animals  is  the 
height  of  absurdity ;  and  yet,  overwhelming  as  is  the  evidence, 
intelligent  people  still  claim  a  Scotch  verdict  of  *'not  proven," 
must,  at  least,  be  given.    I  go,  myself,  still  farther  and  claim  that 
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the  Delaware  Indians  witnessed  in  New  Jersey  the  extinction  of  the 
mastodon ;  evidence  to  this  effect  tending  to  show  not  so  much 
the  very  recent  destruction  of  the  mastodon  in  New  Jersey,  as  that 
the  Indian  has  a  very  respectable  antiquity.  With  the  disposition 
to  modernize  everything  in  connection  with  the  Indian,  as  is  now 
so  popular,  I  have  no  patience.  To  claim  that  every  artistic  relic 
exhumed  from  the  mounds  is  the  handiwork  of  Europeans,  or  in- 
dicates an  association  with  a  superior  race,  is  but  a  cheap  and  not 
creditable  method  of  explaining  away  the  beautiful  objects  that 
have  been  taken  from  many  of  these  wonderful  earthworks. 

When  my  learned  friend  Dr.  Brinton,  in  addressing  this  Associa- 
tion, a  year  ago,  remarked,  *'To  me  the  exceeding  diversity  of 
languages  in  America  and  the  many  dialects  into  which  these  have 
split,  are  cogent  proofs  of  the  vast  antiquity  of  the  race,  an  antiq- 
uity stretching  back  tens  of  thousands  of  years.  Nothing  less  can 
explain  these  multitudinous  forms  of  speech,"  —  I  could  understand 
him,  thinking  as  I  did,  of  palaeolithic  man,  and  the  then  even  more 
remote  races  of  the  Pacific  coast ;  but  when  this  same  author  states, 
as  his  opinion,  '^The  uncertainty  which  rests  over  the  age  of  the 
structures  at  Tiahuanaco  is  scarcely  greater  than  that  which  still 
shrouds  the  origin  of  the  mounds  and  earthworks  of  the  Ohio  and 
Upper  Mississippi  valleys.  Yet  I  venture  to  say  that  the  opinion 
is  steadily  gaining  ground  that  these  interesting  memorials  of  van- 
ished nations  are  not  older  than  the  medieval  period  of  European 
history.  The  condition  of  the  arts  which  they  reveal  indicates  a 
date  that  we  must  place  among  the  more  recent  in  American  chro- 
nology. The  simple  fact  that  tobacco  and  maize  were  cultivated 
plants  is  evidence  enough  for  this,"  —  I  am  at  a  loss  to  discover 
any  valid  basis  for  such  a  conclusion. 

If,  as  Brinton  assumes,  the  mounds  of  Ohio  were  all  erected  dur- 
ing the  past  few  centuries,  what  of  the  **  tens  of  thousands  of  years" 
during  which  the  language  or  languages  of  the  mound-builders  was 
in  course  of  construction  and  subsequent  subdivisions  into  ^^  multi- 
tudinous forms  of  speech."  Is  it  logical  to  suppose  that,  during  the 
immense  lapse  of  time  demanded  by  Dr.  Brinton  for  the  formation 
^f  languages,  these  people  did  nothing,  advanced  nothing  and  be- 
came capable  of  building  an  earthwork  only  at  the  very  close  of 
an  enormously  long  career  ?  I  cannot  think  it.  That  there  are 
mounds  in  Ohio  that  date  far  back  of  any  historic  tribe  of  Indians, 
has,  I  believe,  been  fully  demonstrated  by  the  cautious  and  ex- 
haustive  explorations  conducted  by  Professor  Putnam  and  Dr.  Metz. 
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Let  ns  return  to  the  consideration  of  early  man  in  New  Jersey 
and  to  his  association  with  extinct  mammals.  That  careful  student 
of  the  subject.  Rev.  Samuel  Lockwood,  has  given  us  a  delightful 
account  of  the  discovery  of  a  mastodon  in  an  old  beaver  meadow, 
and  with  his  conclusions  upon  the  subject,  I  will  dismiss  this  phase 
of  the  question  of  early  man.  Say9  Dr.  Lockwood :  '^  Two  facts 
have  much  impressed  me  —  the  great  geological  antiquity  of  the 
mastodons  as  a  race,  and  the  very  recent  existence  of  the  individ- 
ual we  are  discussing.  The  race  began  in  Miocene  time ;  this  in- 
dividual lived  in  the  Quaternary  age,  and  well  up  into  the  soil- 
making  period.  .  .  •  Though  the  race  came  before  those  great 
castors  now  extinct,  this  individual  was  contemporary  with  the  ex- 
isting beaver,  and  doubtless  with  the  aboriginal  man.  ...  It 
is  plain  that  the  mastodon  came  into  what  is  now  New  Jersey  ere 
the  ice-sheet  began.  It  receded  south  before  it.  It  followed  the 
thawing  northward,  and  so  again  possessed  the  land.  It  occupied 
this  part  of  the  country  when  its  shore-line  was  miles  farther  out 
to  sea  than  it  is  to-day.  Here  it  was  confronted  by  the  human 
savage,  in  whom  it  found  more  than  its  match ;  for,  before  this  au- 
tochthonic  Nimrod,  Behemoth  melted  away.'' 

Having  made  clear,  I  trust,  what  is  meant  by  palaeolithic  man, 
and  shown  also,  that  he  vxis  a  fact  and  is  not  a  fancy,  the  ques- 
tion naturally  arises,  What  was  his  fate  ?  Did  he,  like  the  masto- 
don, become  extinct,  or  has  he  descendants  still  living  on  this 
continent?  There  is  opened  here  a  wide  field,  but  alas  I  with  so 
few  landmarks  and  these  but  ill  defined,  that  the  student  is  much 
in  the  position  of  the  mariner  when  under  clouded  skies  and  with- 
out a  compass. 

There  has  been  some  speculation  and  a  few  bold  assertions  con- 
cerning the  relationship  of  Homo  pcUoeolUhicus  to  existing  races, 
but  I  am  not  aware  that  any  statement  has  been  made,  wherein 
the  few  facts  in  our  possession  are  claimed  to  afford  conclusive  or 
presumptive  evidence.  Certainly  so  far  as  my  own  experience  goes, 
the  inference  I  drew  from  the  character  of  the  stone  implements 
does  not  accord  with  the  crania  found  in  the  Trenton  gravel.  Tliese 
are  not  crania  of  Eskimos,  and  I  had  long  inclined  to  the  supposi- 
tion that  to  these  people  might  be  referred  the  ruder  forms  of  stone 
weapons,  such  as  we  have  seen  are  found  in  the  gravels  of  the  river 
valley.   On  the  other  hand,  the  three  skulls  referred  to  are  ungues- 
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tionably  different  from  those  of  the  known  tribes  of  Indians  of  the 
Delaware  valley. 

Rev.  B.  F.  De  Costa  has,  under  the  title  of ''  The  Glacial  Man 
in  America,"  published  a  very  thoughtful  paper  in  which  he  en- 
deavors to  show,  from  historical  data,  the  plausibility  of  the  view 
that  the  Eskimo  now  represents  this  most  ancient  of  America's 
races. 

This  author  states  that  ^^  whatever  may  be  concluded  ultimately 
respecting  the  antiquity  of  the  Delaware  flints,  it  is  quite  apparent 
that  the  red-man  found  in  America  at  the  period  of  its  rediscovery 
by  Cabot,  Vespucci,  and  Columbus,  was  not  the  descendant  of  any 
glacial  man.  No  line  of  connection  can  be  made  out.  This  con- 
tinent does  not  appear  to  have  any  Kent's  Hole  like  that  at  Torbay, 
affording  a  continuous  history,  beginning  with  the  cave-bear  and 
ending  with  '  W.  Hodges,  of  Ireland,  1688,' "  and  again,"  however 
man  may  have  reached  America,  the  theory  that  the  Indian  peoples 
sprang  from  any  glacial  stock  seems  untenable.  This  then,  neces- 
sitates the  inquiry  respecting  the  subsequent  history  of  the  primi* 
tive  inhabitant ;  otherwise,  what  became  of  him  ? 

That  a  people  corresponding  in  the  main  to  the  supposed  glacial 
man  once  dwelt  as  far  south  as  New  Jersey  has  been  agreed  by 
various  writers,  without  any  reference  to  the  contents  of  the  glacial 
deposits,  of  whose  existence  they  did  not  dream.  When,  for  in- 
stance we  turn  to  the  Icelandic  Sagas  relating  to  America,  it  be- 
comes apparent  that  the  Esquimaux  once  flourished  low  down  upon 
the  Atlantic  coast."  And  yet  again,  quoting  from  the  same  essay, 
we  find  the  statement,  "The  so-called  aboriginal  red-man  is  com- 
paratively a  modern,  although  the  author  of  ^Leaves  of  Grass' 
asks  concerning  ^the  friendly  and  flowing  savage,'  is  he  'waiting 
for  civilization,  or  past  it  and  mastering  it?'  However  this  may 
be,  he  is  wandering  over  the  graves  of  peoples  who  left  no  record 
of  their  exploits,  either  in  the  continent  where  they  sprang  into  life 
or  where  they  died.  ...  In  New  England  he  must  have  suc- 
ceeded the  people  known  as  Skrsellings.  Prior  to  that  time,  his 
hunting-grounds  lay  toward  the  interior  of  the  continent.  In  course 
of  time,  however,  he  came  into  collision  with  the  ruder  people  on 
the  Atlantic  coast,  the  descendants  of  an  almost  amphibious  glacial 
man.  Then  the  coast-dweller,  unable  to  maintain  his  position,  re- 
treated toward  the  far  north.    The  northward  movement,  however, 
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may  have  been  voluntary  in  part.  During  long  ages  passed  in  the 
companionship  of  the  glacier,  the  race  must  have  acquired  that 
taste  and  fitness  for  boreal  life  which  clings  to  the  native  of  the 
north  to-day,  and  which  makes  the  Greenlander  feel  that  his  coun- 
try is  the  most  beautiful  in  the  world." 

Let  us  see  now  to  what  extent  these  statements  of  Mr.  De  Costa 
are  borne  out  by  the  traces  of  early  man  in  New  Jersey.  Do  they 
or  do  they  not  lend  probability  to  them  ?  I  have  given  you  the 
evidence,  so  far  as  gathered  of  strictly  palseolithic  man,  living  in  the 
valley  of  the  Delaware  during  the  last  epoch  of  cold.  It  consists 
mainly  of  the  rudest  known  forms  of  large  stone  implements,  made 
of  argillite  of  flinty  hardness  and  breaking  with  a  conchoidal  fract- 
ure. Its  peculiarities  as  a  mineral  have  already  been  stated,  based 
upon  its  examination  by  Mr.  Wadsworth.  Now  it  happens  that 
just  as  the  occurrence  of  surface  quartz  veins,  near  Little  Falls  in 
Minnesota,  proved  the  first  available  locality  for  that  rock,  so  de- 
sirable for  making  implements,  as  the  ice-sheet  withdrew ;  so,  in 
the  Delaware  valley,  a  few  miles  north  of  Trenton,  argillite  occurs 
in  place  and  likewise  offered  the  first  available  mineral  for  effective 
implements  other  than  pebbles,  and  these  were  largely  covered  with 
water  and  not  so  readily  obtained,  as  at  present ;  while  the  dry 
land  of  that  day,  the  Columbia  gravel,  contained  almost  exclusively, 
in  this  region,  small  quartzite  pebbles  an  inch  or  two  in  length. 

If  the  palseolithic  implements  were  strictly  confined  to  the  gravel 
deposits,  like  fossils  in  the  underlying  marl-beds,  then,  as  it  seems 
to  me,  the  Eskimo  theory  would  fall,  and  we  could  only  conclude 
with  Dawkins  that  '^  we  cannot  refer  them  (t.  e.,  the  palaeolithic 
folk)  to  any  branch  of  the  human  race  now  alive  ;"  but,  as  a  matter 
of  fact,  there  is  no  such  break —  no  evidence  of  an  hiatus  of  greater 
or  less  duration  between  palaeolithic  man  and  the  Indian.  The 
former  continued  to  dwell  here  until  the  last  pebble  of  the  great 
gravel  deposit  had  been  laid  down,  and  possibly  into  the  soil-mak- 
ing period,  but  not  now,  as  palaeolithic  man.  Whether  the  change 
wrought  by  the  alteration  of  climate,  and  its  infiuence  on  the  fauna 
and  flora,  had  to  do  with  it,  or  through  other  influences  it  was  ef- 
fected, none  can  tell,  but  the  significant  advance  to  the  manufact- 
ure of  more  specialized  implements  took  place ;  the  rude  argillite 
palaeolith,  the  same  in  form  the  world  over,  giving  way  to  spears 
and  other  definite  forms.  The  form  of  the  product  altered,  but 
the  same  material,  argillite,  continued  in  use.     There  was  no  pot- 
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ter}',  no  polished  stone,  little  if  any  attempt  at  ornamentation ; 
still,  when  we  compare  these  later  objects  of  argillite  with  the  earlier 
and  original  patterns,  we  see  what  a  tremendous  forward  stride 
had  been  made.  Had  it  aught  to  do  with  the  acquirement  of  power 
of  speech?  as  argued  by  Mr.  Hale,  that  the  '^  speaking  man  "  is  a 
descendant  of  the  ^'  speechless  man  "  of  the  River  drift.  But  great 
as  the  change  is,  it  is  insignificant  when  compared  with  the  handi- 
work of  the  Indian  —  of  his  handiwork  prior  to  any  European 
contact. 

On  what  grounds  can  this  dissociation  be  based  ?  Does  mere 
rudeness  in  the  fashioning  indicate  a  difference  of  origin?  Why 
may  not  the  spearpoints  of  argillite  be  the  work  of  Indians  as  well 
as  similar  objects  made  of  jasper?  These  are  questions  invariably 
asked,  and  however  satisfactory  the  replies  have  been  to  myself, 
they  have  not  proved  so,  in  all  cases,  to  others. 

The  fact  that  these  rude  spearpoints  occur  upon  the  surface  of 
the  ground  is  with  many  an  insuperable  objection  to  any  claim  to 
significant  antiquity  ;  these  objectors  forgetting  the  while  that  there 
has  been  habitable  surface  soil  in  this  region  —  New  Jersey  —  for 
a  much  longer  period,  than  man's  first  appearance  on  earth ;  even 
in  the  Garden  of  Eden. 

Let  us  consider  the  two  questions  to  which  I  have  referred. 

Does  mere  rudeness  in  the  fashioning  indicate  a  difference  of 
origin  ?  Of  itself,  certainly  not.  There  are  Indians  who  still  make, 
or  did  very  recently,  implements  far  ruder  than  the  least  finished 
palsBolith  ;  and  implements  of  essentially  palseolithic  character  oc- 
cur wherever  ordinary  Indian  relics  are  found,  but  this  neither  im- 
plies that  the  Indian  was  a  palteolithic  man,  or  that  the  oldest  of 
these  objects,  found  in  gravel  deposits  was  the  handiwork  of  In- 
dians. So  long  as  this  confusion  exists,  so  long  will  American 
archaeology  be  an  unsolvable  problem.  The  telling  fact  with  ref- 
erence to  these  argillite  spearpoints  is  that  they  are  not,  in  the 
same  sense  as  jasper  arrowheads,  surface-found  implements.  They 
occur  also,  and  even  more  abundantly  beneath  the  surface-soil. 

The  celebrated  Swedish  naturalist,  Peter Kalm,  travelled  through- 
out central  and  southern  New  Jersey  in  1748-50,  and  in  his  de- 
scription of  the  country  remarks :  '^We  find  great  woods  here,  but, 
when  the  trees  in  them  have  stood  a  hundred  and  fifty  or  a  hun- 
dred and  eighty  years,  they  are  either  rotting  within,  or  losing 
their  crown,  or  their  wood  becomes  quite  soft,  or  their  roots  are  no 
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longer  able  to  draw  in  sufficient  nourishment,  or  they  die  from  some 
other  cause.  Therefore  when  storms  blow,  which  sometimes  happens 
here,  the  treea  are  broken  off  either  just  above  the  roots  or  in  the  mid« 
die  or  at  the  summit.  Several  trees  are  likewise  torn  out  with  their 
roots  by  the  power  of  the  winds.  ...  In  this  manner  the  old  trees 
die  away  continually,  and  are  succeeded  by  a  younger  generation. 
Those  which  are  thrown  down  lie  on  the  ground  and  putrefy,  sooner 
or  later,  and  by  that  means  increase  the  black  soU^  into  which  the 
leaves  are  likewise  finally  changed,  which  drop  abundantly  in  au- 
tumn, are  blown  about  by  the  winds  for  some  time,  but  are  heaped 
up  and  lie  on  both  sides  of  the  trees  which  are  fallen  down.  It  re- 
quires several  years  before  a  tree  is  entirely  reduced  to  dust." 

This  quotation  has  a  direct  bearing  on  that  which  follows.  It  is 
clear  that  the  surface-soil  was  forming  during  the  occupancy  of  the 
country  by  the  Indians.  The  entire  area  of  the  state  was  covered 
with  a  dense  forest,  which,  century  after  century,  was  increasing 
the  black  soil  to  which  Kalm  refers.  If,  now,  an  opportunity  offers 
to  examine  a  section  of  virgin  soil  and  underlying  strata,  as  occa^ 
sionally  happens  on  the  bluffs  facing  the  river,  the  limit  in  depth 
of  this  black  soil  may  be  approximately  determined. 

An  average,  derived  from  several  such  sections,  leads  me  to  infer 
that  the  depth  is  not  much  over  one  foot,  and  the  proportion  of 
vegetable  matter  increases  as  the  surface  is  approached.  Of  this 
depth  of  superficral  soil  probably  not  over  one-half  has  been  derived 
from  decomposition  of  vegetable  growths.  While  no  positive  data 
are  determinable  in  this  matter,  beyond  the  naked  fact  that  rotting 
trees  increase  the  bulk  of  top-soil,  one  archsBological  fact  that  we 
do  derive,  is  that  the  Jlint  implementa  known  as  Indian  relics  belong 
to  this  superficial  or  ^^  black  soil,"  as  Kalm  terms  it.  Abundantly 
are  they  found  on  the  surface ;  more  sparingly  are  they  found  near 
the  surface ;  more  sparingly  still  the  deeper  we  go ;  while  at  the 
base  of  this  deposit  of  soil,  the  argiUUe  implements  occur  in  great- 
est abundance. 

Here,  then,  we  have  the  whole  matter  in  a  nut-shell.  The  two 
forms  were  dissociated  until  by  the  deforesting  of  the  country  and 
subsequent  cultivation  of  the  soil,  except  in  a  few  instances,  they 
became  commingled. 

Perhaps  the  most  important  discovery  bearing  upon  the  question 
of  the  descendants  of  palaeolithic  man  is  that  of  Mr.  Hilborne  T. 
Cresson  who  has  found,  in  tlie  alluvial  deposits  at  Naaman's  Creek, 
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in  Delaware,  traces  of  pile-structures,  upon  which  we  may  presume 
that  a  rude  fishing  people  had  erected  their  houses.  A  detailed 
description  of  these  remains  and  the  objects  found  will  be  given 
in  due  time  in  the  publications  of  the  Peabody  Museum,  but  I  may 
lay  stress  upon  the  character  of  the  stone  implements  dredged  from 
the  mud  about  the  piling.  At  two  of  the  structures  or  ^'  stations,** 
Mr.  Cresson  finds  only  argillite  implements,  many  as  rude  as  some 
of  palieollthic  typ.cs,  and  a  large  number  of  those  long,  slender 
spearpoints  to  which  I  have  already  referred.  In  a  third  ^'  sta- 
tion," there  is  a  mixture  of  these  forms  with  others  of  quartz, 
jasper  and  other  silicious  mineral,  with  traces  of  rude  pottery. 

These  discoveries  certainly  bear  out  the  suggestion  I  advanced 
years  ago  of  an  intermediate  period  of  human  occupancy  of  our 
Atlantic  seaboard.  Here,  on  the  Delaware  river,  as  Lockwood 
found  in  the  shellheaps  of  Keyport,  New  Jersey,  and  the  surround- 
ing country,  occur  both  jasper  and  argillite,  but  not  so  associated 
as  to  demonstrate  tliat  both  minerals  were  in  use  at  the  same  time, 
or  used  by  the  same  people  at  different  times.  On  the  contrary, 
the  conclusion  reached  by  every  competent  investigator  has  been 
that  implements  made  of  argillite  antedate  those  of  jasper;  and 
this  single  impression  of  many  unbiassed  students  goes  a  long 
way  toward  proving  the  essentially  correct  character  of  these  im- 
pressions. 

Negative  evidence  of  the  soundness  of  this  view  is  had  in  the 
character  of  the  sites  of  arrowmakers'  open-air  workshops,  or  those 
spots  whereon  the  professional  chipper  of  flint  pursued  his  calling. 

In  the  locality  where  I  have  pursued  my  studies  several  such 
sites  have  been  discovered  and  carefully  examined.  In  no  one  of 
these  workshop  sites  has  there  been  found  any  trace  of  argillite 
mingled  with  the  flint-chips  that  form  the  characteristic  feature  of 
such  spots.  On  the  other  hand,  no  similar  sites  have  been  dis- 
covered, to  my  knowledge,  where  argillite  was  used  exclusively. 
The  absence  of  this  mineral  cannot  be  explained  on  the  ground 
that  it  was  difficult  to  procure,  for  such  is  not  the  case.  It  con- 
stitutes, in  fact,  a  considerable  percentage  of  the  pebbles  and 
bowlders  of  the  drift,  from  which  the  Indians  gathered  their  jasper 
and  quartz  pebbles  for  working  into  implements  and  weapons. 

If  the  absence  of  argillite  from  such  heaps  of  selected  stones  is 
explained  by  the  assertion  that  the  Indians  had  recognized  the  sn- 
periority  of  jasper,  then  the  belief  that  argillite  was  used  prior  to 
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jasper  receives  tacit  assent.  If,  however,  it  was  the  earlier  Indiatis 
who  used  argillite,  and  gradually  discarded  it  for  the  various  forms 
of  flint,  then  we  ought  to  find  workshop  sites  older  than  the  time 
of  flint  chipping,  and  others  where  the  two  minerals  are  associated. 
This,  as  has  been  stated,  has  not  been  done.  Negative  evidence 
this,  it  is  admitted,  but  when  considered  in  addition  to  the  positive 
evidence  of  position  in  undisturbed  soil,  it  has  a  value  that  must 
not  be  overlooked.  Sufficient  positive  evidence  to  clear  away  all 
doubt  in  the  minds  of  many,  of  the  presence  of  an  earlier  people 
than  the  Indian  on  the  Atlantic  seaboard  of  America  will  probably 
never  be  forthcoming ;  yet,  to  the  minds  of  candid  inquirers,  there 
is  a  degree  of  probability  in  the  interpretation  of  known  facts  that 
closely  hugs  the  bounds  of  certainty. 

This  briefly  covers  the  range  of  evidence,  first,  that  palaeolithic 
man  did  not  become  extinct ;  secondly,  that  his  descendants  at- 
tained to  an  advanced  degree  of  culture  in  the  land  of  their  fore- 
fathers. What  then  was  this  people's  subsequent  career?  Were  it 
not  for  the  three  skulls,  to  which  reference  has  been  made,  we 
could  still  maintain  that  we  have  their  descendants  in  the  Eskimo, 
and  that  they  were  finally  driven  north,  after  contact  with  the  In- 
dians, who,  as  is  conceded  by  all  students,  migrated  hither,  at, 
archseologically  considered,  a  not  exceedingly  remote  period.  The 
Indian  traditions  assert  that  they  found  the  region  occupied ;  and 
for  once,  at  least,  we  have  evidence  which  confirms  tradition. 

However  others  may  be  impressed  by  what  I  have  now  presented, 
for  myself,  as  I  wander  along  the  pleasant  shores  of  the  Delaware 
river,  seeing  it  but  a  meagre  stream  between  high  banks,  in  mid- 
summer ;  or,  in  winter,  swollen  and  choked  with  ice,  until  these 
are  almost  hidden,  I  recall  what  time  this  same  stream  was  the 
mighty  channel  of  glacial  fioods  pouring  seaward  from  the  moun- 
tains beyond  and  picture  the  primitive  hunter  of  that  ancient  time, 
armed  with  but  a  sharpened  stone,  in  quest  of  unwary  game.  And 
later,  when  the  floods  had  abated  and  the  waters  filled  but  the  chan- 
nel of  to-day,  I  recall  that  more  skilful  folk  who  with  spear  and 
knife  captured  whatsoever  creature  their  needs  demanded,  —  the 
earlier  and  later  Chippers  of  Argillite. 

These  pass ;  and  the  Indian  with  his  Jasper,  quartz,  copper  and 
polished  stone  looms  up,  as  the  others  fade  away.  His  history, 
reaching  forward  almost  to  the  present,  I  leave  in  the  hands  of 
others  to  record. 
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An  International  Languagb.    By  Horatio  Hale,  ClintoD,  Ont.,  Can. 

The  great  inventions  of  oar  centnry,  which  have  brought  all  civilized  na- 
tions into  such  near  commanion, —  the  steamship,  railway,  telegraph,  and 
telephone, — require  one  essential  complement.  The  closer  the  intercoarse 
between  populations  speaking  different  languages,  the  more  the  need  of 
some  common  medium  of  communication  is  felt.  The  sense  of  this  need 
is  naturally  not  so  strong  in  America  as  elsewhere ;  but  every  traveller  in 
Europe,  every  mercantile  house  with  foreign  connections,  and  almost  every 
student  of  science  or  art,  must  experience  the  embarrassment  caused  by 
the  variety  of  languages  prevailing  in  the  Old  World.  Since  the  era  of  in- 
ternational exhibitions  and  congresses  for  all  purposes,  scientific,  philan- 
thropic, political,  and  artistic,  began,  this  embarrassment  has  increased  so 
greatly,  that  many  minds  have  been  turned  to  the  discovery  of  some  means 
of  relief. 

The  first  public  manifestation  of  this  sentiment  has  come  from  a  scien- 
tific source,  entitled  to  the  highest  respect.  In  January  last,  the  American 
Philosophical  Society,  of  Philadelphia,  adopted  by  unanimous  vote  a  res- 
olution requesting  their  President  to  address  a  letter  to  all  learned  bodies 
with  which  the  Society  is  in  official  relations,  and  to  such  other  societies 
and  individuals  as  he  might  deem  proper,  **  asking  their  cooperation  in  per- 
fecting a  language  for  learned  and  commercial  purposes,  based  on  the 
Aryan  vocabulary  and  grammar  in  their  simplest  forms ;  and  to  that  end 
proposing  an  International  Congress,  the  first  meeting  of  which  shall  be 
held  in  London  or  Paris." 

Letters  have  been  issued  In  accordance  with  this  resolution,  and  there 
can  be  little  doubt  of  a  favorable  response.  The  initiative  proceeds  from 
the  oldest  of  American  learned  societies,  founded  by  Franklin  nearly  a  cen- 
tury and  a  half  ago,  and  numbering  on  its  roll  of  notable  presidents  Thomas 
Jefferson,  the  most  scholarly  of  American  statesmen,  and  Peter  S.  Dnpon- 
ceau,  the  father  of  American  philology.  This  historical  prestige  and  the 
very  large  membership,  comprising  many  of  the  most  eminent  scholars  in 
both  hemispheres,  can  hardly  fall  to  ensure  a  favorable  reception  of  its 
present  proposal.  No  international  jealousy  can  possibly  be  aroused  by  the 
action  of  an  American  society,  asking  for  a  meeting  in  Europe. 

The  President's  letter  is  accompanied  and  seconded  by  an  able  report 
from  a  Committee  (Messrs.  Brinton,  Phillips  and  Snyder)  appointed  to 
consider  the  subject.    The  report  will  be  everywhere  read  with  interest, 
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though  some  of  the  views  expressed  in  it  will  probably  aronse  discussion. 
The  Committee  maintain  that  inflections  are  relics  of  barbarism,  and  Uiat 
anunlnflected  (or,  in  scientific  phrase  **analytic*')language  is  better  adapted 
than  an  inflected  speech  for  the  expression  of  tliought.  This  view,  it 
seems,  was  strenuously  opposed  by  other  distiuguLshed  scholars  in  the  So- 
ciety, whoprefeiTed  the  more  usual  opinion  that  inflected  (or  ^'synthetic") 
languages  evince  in  their  Aramers  a  higher  mental  capacity  than  appears  in 
the  unlnflected  idioms.  But  all  the  members,  without  exception, —  what- 
ever might  be  their  views  on  this  purely  theoretical  point,  —  agreed  in 
holding  that  an  artiflclal  language,  designed  to  be  a  medium  of  commu- 
nication among  persons  speaking  many  diiferent  languages,  should  be  made 
as  simple  and  easy  as  possible,  both  in  pronunciation  and  in  grammar,  — 
a  proposition  which  seems  too  plain  to  call  for  argument. 

The  Committee,  it  appears,  was  appointed  in  the  first  instance  **  to  ex- 
amine into  the  scientific  value  of  Volaptilc,"— the  ** world-speech,"  of  which 
so  much  has  been  lately  heard, —  an  artificial  idiom,  constructed  about  ten 
years  ago  by  the  Rev.  Johann  Martin  Schleyer,  a  learned  priest  of  Baden. 

The  Committee  found  in  this  invention  "  something  to  praise,  and  much 
to  condemn."  In  fact,  its  merits  and  its  defects  lie  on  the  surface,  and  are 
evident  to  any  one  familiar  with  the  structure  of  language  and  with  the 
need  for  which  such  an  invention  is  required.  As  a  distinguished  English 
philologist,  Mr.  A.  J.  Ellis,  has  well  observed,  Volapiik  **  presents  a  school- 
boy's ideal  grammar,  there  being  only  one  declension,  one  conjugation, 
and  no  exceptions.*'  Indeed,  if  the  object  of  the  invention  were  to  relieve 
the  much-sufiering  schoolboy  of  the  troubles  caused  by  the  monstrous  ab  - 
surdities  in  the  structure  of  the  European  languages, —  the  preposterous 
orthography  of  English  and  French,  the  nonsensical  gender- systems  of  the 
continental  tongues,  the  torment  of  the  irregular  verbs  in  all  the  languages, 
— VolapUk  would  be  everything  that  could  be  desired.  But  while  avoiding 
this  obvious  Scylla  of  Irregularity,  the  Inventor  has  been  led  by  his  great 
linguistic  ingenuity  to  plunge  into  an  equally  disastrous  Charybdis  on  the 
other  side, —  a  fatal  whirlpool  of  philological  complexities.  At  the  outset, 
we  are  met  by  a  gross  and  surprising  error  In  his  alphabet, — an  error  so 
evident  that  the  able  American  interpreter  of  his  system,  Mr.  Charles  E. 
Sprague  (author  of  a  *' Handbook  of  VoIapUk"),  is  obliged  frankly  to  admit 
it.  The  inventor  is  not  content  with  the  five  "pure  vowel  sounds," — the  a, 
6,  t,  0,  u,  as  they  are  heard  in  German  and  Spanish, —  sounds  which  are  fa- 
miliar and  easy  to  every  speaker  of  every  European  language,  and  which, 
with  fourteen  or  fifteen  equally  universal  consonants,  would  afford  an  abun- 
dant supply  of  euphonious  words  for  the  amplest  vocabulary.  He  intro- 
duces besides,  in  frequent  use,  the  three  German  Impure  vowels  a,  o,  it, 
easy  to  him  as  a  German,  but  to  most  speakers  of  other  tongues  difficult 
and  perplexing.  The  first  and  most  elementary  rule  of  an  international 
speech  evidently  should  be  that  no  sound,  or  combination  of  sounds,  should 
occur  in  it  which  is  not  common  to  all  the  leading  commercial  languages 
of  our  time. 

But  the  reason  of  the  introduction  of  so  many  rowels  soon  makes  itself 
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apparent.  The  author  had  determined  to  depart  altogether  f^om  the  ana- 
lytic system  of  modern  European  tongues,  and  to  revert  to  the  ancient  syn- 
thetic structure.  He  would  have  inflections  of  all  sorts, — cases,  tenses, 
moods,  formative  prefixes  and  suffixes, —  every  complication  which  his 
strong  linguistic  faculty  and  that  **  study  of  more  than  fifty  languages  " 
whicii  his  admiring  biographer  ascribes  to  him  could  suggest.  Thus  the 
personal  pronouns,  I,  thou,  and  he, —  in  Volapiik,  o&,  oh  and  om, —  do  not, 
as  in  most  European  tongues,  stand  independently  before  or  after  the  verb; 
they  are  made  inflections  and  suffixes.  Lof,  for  example  (a  word  derived 
from  the  English  verb,  and  in  pronunciation  midway  between  *4ufl^'  and 
'*loar*),  is  lovo,  and  W/ob,  lofol  and  2o/ofn,are  **I  love,  thou  lovest,  lie  loves.'' 
This,  we  know,  was  the  way  in  which  the  Aryan  verb  was  originally  con- 
structed,—  the  t  in  the  Latin  amat  and  the  Oerman  liehtj  and  the  s  in  the 
Euglish  love8^  being  relics  of  an  ancient  personal  pronoun.  But  thousands 
of  years  have  passed  since  any  consciousness  of  this  derivation  survived. 
Having  reopened  this  primitive  and  long- forgotten  path,  the  learned  inven- 
tor proceeds  resolutely  forward  in  it.  He  gives  us,  in  his  imperfect  tense, 
the  Sanskrit  and  Greek  augment,  and  employs  for  his  purpose  one  of  his 
German  voweb,  a,  having  a  sound  approaching  that  of  the  a  in  hat ;  dlofom 
is  *'he  loved."  Then  he  goes  beyond  his  models,  and  forms  his  remaining 
tenses  by  other  vowel  augments.  The  perfect  tense  ise2d/bm,  he  has  loved ; 
the  pluperfect,  ildfomj  he  had  loved ;  the  future,  olofom^  he  will  love ;  the 
future  perfect,  ulofomt  he  will  have  loved.  Tlie  passive  voice  prefixes  p, 
and  so  we  get  in  the  future  perfect  passive,  ptilo/om,  he  will  have  been  loved. 
The  conditional  mood  ends  in  'ov,  and  the  potential  in  ox ;  and  thus  we  have 
eWfomoVy  he  would  have  loved,  and  l^fomox^  which  a  doubting  damsel  would 
need  for  expressing  "he  may  possibly  love."  Then  there  is  a  reflexive  form 
in  ok^  lofomok, — he  loves  himself, —  and  a  frequentative  form,  made  by  in- 
serting an  i  after  the  augment,  and  indicating  a  habit  of  action  — dildfonif 
he  was  in  the  habit  of  loving.  Here  we  begin  to  discern  the  real  models 
which  the  author  of  this  extraordinary  composition  has  followed.  The  ab- 
original American  tongues,  with  their  numerous  and  apt  derivative  forms, 
which  have  charmed  Duponceau,  Max  Mtiller,  Whitney,  and  many  other 
noted  philologists,  have  naturally  attracted  so  good  a  philologist  as  Mr. 
Schleyer.  He  goes  on  to  give  us  their  well-known  method  of  word-forma- 
tion. He  takes  bits  of  modifying  words,  makes  prefixes  and  suffixes  of 
them,  and  sticks  them  on  the  "stem  words,"  in  a  fashion  which  would  de- 
light an  educated  Iroquois  or  an  OJibwa^.  From  smalik,  small,  he  makes 
a  prefix  sma-t  and  joining  this  to  bed,  which  has  its  English  meaning,  we 
get  smabed,  meaning  nest.  From  gletik,  great,  we  derive  ^^^e-, which,  added 
to2rt/,  town,  gives  xxsgltzif,  great  city.  From  Idn,  country,  he  makes  a  suf- 
fix -an,*  and  so  we  get  Baydn,  Bavaria,  and  Kanaddn,  Canada. 

These  specimens  show  sufficiently  the  class  of  languages  to  which  Mr. 
Schleyer's  invention  belongs.  The  Committee  of  the  Philosophical  Society 
incline  to  rank  it  with  the  "agglutinative"  tongues  of  Northern  Asia;  but 
it  is  something  more  and  better  than  one  of  these.  It  is  really  what  philol- 
ogists style  a  ''polysynthetlc"  language,  of  the  American  class,  combining 
agglutinate  and  inflective  forms  in  a  great  number  and  variety.    To  say 
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this  of  Mr.  Schleyer's  work  is  by  no  means  to  decry  It,  bat  rather,  In  a  cer- 
tain sense,  to  exalt  It.  Max  MQller,  after  a  careftil  study  of  the  Mohawk 
language,  has  declared  that  the  firamers  *'of  such  a  work  of  art  must  have 
been  powerftil  reasoners  and  accurate  classifiers."  Professor  Whitney 
places  the  structure  of  the  Algonkln  speech,  in  its  *4nflnlte  possibilities  of 
expressiveness,"  above  that  of  the  Greek  itself.  If  any  votary  of  Yolapdk 
chooses  to  claim  these  praises  for  that  speech  and  its  inventor,  there  need 
be  no  demur  to  the  claim. 

But  these  very  merits,  in  the  form  in  which  they  are  displayed  in  the  Mo- 
hawk or  the  Greek,  are  utter  disquallflcatlons  for  an  international  speech. 
The  last  species  of  tongue  which  an  experienced  linguist  would  select  as 
a  model  for  such  a  speech  would  be  one  belonging  to  the  polysynthetlc  or 
highly  Inflected  class.  In  fact,  the  **ideal  form"  of  an  international  language 
would  be  a  language  without  a  single  inflection.  Such  are  those  curious 
composite  idioms  which  have  sprung  up  spontaneously  in  various  parts  of 
the  world  as  means  of  intercourse  between  persons  speaking  different  and 
difllcult  languages,— the  Lingua  Franca  in  the  Mediterranean,  the  ^'pidgin 
English"  of  the  Anglo-Chinese  settlements,  the  **Chinook  jargon"  of  our 
Northwest  Coast.  English  itself*  as  the  Committee  point  out,  is  merely 
such  a  linffua  franca  or  **jHrgon,"  in  which  the  slowly  coalescing  Saxons  and 
Normans  learned  to  speak  together,  dropping  at  least  four-fifths  of  their 
inflections  in  the  process. 

The  requisites  of  an  international  language,  so  fkr  as  alphabet  and  gram- 
mar are  concerned,  may  be  very  briefly  set  forth.  The  chief  commercial 
languages  of  the  world  are  the  English,  French,  German,  Spanish  and  Itid- 
ian,  and  the  proposed  speech  must  be  made  acceptable  and  easy  to  the 
speakers  of  all  these  languages.  Its  alphabet  must  comprise  n0  sounds,  and 
Us  grammar  no  it\flections,  which  are  not  found  in  every  one  of  these  Jive  lan» 
guages.  This  simple  and  essential  rule  will  reduce  the  alphabet  to  the  five 
pure  vowels  and  about  fifteen  consonants,  and  the  grammar  to  less  than 
half  a  dozen  inflections,  all  terminal,— a  plural  form,  a  past  tense,  a  present 
participle,  a  past  participle,  and  possibly  one  or  two  other  forms.  There 
would  be  added  four  or  five  rules  for  the  collocation  of  words,— defining 
the  position  of  the  ac^ective  with  regard  to  the  substantive,  of  the  adverb 
with  regard  to  the  verb,  and  of  the  verb  with  regard  to  its  subject  and  ob- 
ject. The  whole  grammar  of  the  speech,  alphabet  and  all,  would  not  oc- 
cupy more  than  two  or  three  pages  of  the  handbook,  and  its  acquisition  by 
any  intelligent  person  would  not  require  more  than  an  hour  or  two  of  ap- 
plication. In  fact,  the  international  language  will  be  nearly  all  vocabulary. 
The  grammar  will  be  merely  an  infinitesimal  adjunct  to  the  dictionary,  in- 
stead of  being,  as  with  Yolaptlk,  the  main  feature  of  the  language. 

VolapQk  is  taught  in  ''courses"  of  lessons.  In  Vienna,  we  are  assured, 
seven  "parallel  courses"  have  been  going  on,  attended  by  about  2000  per- 
sons. In  Paris  twenty  courses  are  spoken  of.  In  that  city,  Kerchoff's  has 
published  a  * 'Complete  Course  of  Yolaptlk,"  supplemented  by  an  "Abridged 
Grammar  of  YolapUk,"  and  by  a  smaller  "First  Elements  ofYolapfik."  The 
latter,  by  the  way,  is  said  to  have  reached  Its  forty-second  edition,— a 
striking  evidence  of  the  need  which  is  felt  in  Europe  of  an  international 
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speech.  One  writer,  Mr.  Iwan  Iwanowltch,  has  undertaken  to  give  as  **Vol- 
apttk  in  Three  Lessons;"^ but  he  does  this,  as  Mr.  Sprague's  Handbook 
shows  us,  by  dropping  or  slurring  over  many  of  Its  forms.  Mr.  Sprague, 
more  reasonably,  presents  us  with  a  series  of  twenty-eight  "exercises." 
We  are  told,  triumphantly,  that  apt  scholars  have  learned  to  read  and  write 
the  language,  with  the  aid  of  a  dictionary,  in  a  week.  A  week!  Now  let 
us  see  what  will  be  the  method  with  the  International  Speech. 

A  merchant  in  Philadelphia  receives  a  letter  of  some  fifty  words  fronh 
Moscow,  superscribed  "  International  Language."    He  has  never  seen  or 
heard  a  sentence  of  this  new  speech,  though  he  has  read  of  It  in  the  papers. 
He  sends  his  clerk  for  a  handbook,  which  he  finds  comprises  two  or  three- 
pages  of  alphabet  and  grammar,  followed  by  a  dictionary  in  the  usual, 
twofold  arrangement,  International-English,  English- International.    He 
glances  at  the  first  pages,  and  takes  in  the  few  brief  and  simple  rules- 
on  a  single  perusal.    He  sees  that  he  has  merely  to  look  out  the  words- 
of  the  letter,  as  they  stand  alphabetically  in  the  International-Englisb 
part,  and  put  them  together  in  the  prescribed  order.    Half  an  hour  suf- 
fices for  this  simple  operation.    The  few  Infiectlons  give  him  no  trouble, 
for  they  are  precisely  of  the  sort  he  uses  in  his  own  language.     In  com- 
posing his  answer  he  reverses  the  process,  and  picks  out  the  words  in  the 
English-International  part.    This,  at  the  first  attempt,  will  be  somewhat 
slower  work ;  but  less  than  three  hours  from  the  time  he  opens  the  hand- 
book will  see  the  translation  and  the  reply  completed.    A  "course  of  les- 
sons" for  the  International  Language  will  be  as  needless  as  a  course  of 
lessons  for  the  telephone.  To  learn  to  speak  it  will  require  merely  the  get- 
ting by  heart  of  a  certain  number  of  words.    The  grammar,  such  as  it 
is,  will  **  come  of  itself,"  In  the  acquisition  of  a  score  or  two  of  simple 
phrases,  or  in  reading  two  or  three  pages  of  the  printed  language. 

Every  one  can  see  that  if  the  movement  commenced  by  the  Philosophi- 
cal Society  shall  result  in  the  production  of  such  a  means  of  communica- 
tion, it  will  bring  an  enormous  gain  to  commerce,  to  the  convenience  of 
travellers,  to  scientific  correspondence,  and  to  the  friendly  intercourse  of 
nations.  The  creation  of  such  a  speech,  and  in  particular  the  preparation 
of  its  vocabulary  and  the  exact  rendering  of  this  vocabulary  into  the  prin- 
cipal languages  of  Europe,  will  be  a  work  worthy  of  the  best  scholarship 
and  the  finest  intellects  of  our  time.  It  is  saying  little  to  assert  that  the 
successful  completion  of  this  work  will  form  a  step  in  the  progress  of  civ- 
ilization not  less  Important — perhaps  In  some  respects  much  more  impor- 
tant—  than  the  successful  completion  of  the  electric  telegraph. 


The  Aryan  Race,  its  origin  and  character.     By  Hobatio  Hale, 

Clinton,  Ontario,  Can. 

[abstract.!] 

Various  theories  in  regard  to  the  primitive  seat  of  the  Indo-European 
or  Aiyan  race  have  been  proposed,  some  ethnologists  placing  It  In  Asia  and 

*■  This  paper  is  published  in  fViU  in  the  Popular  Science  Monthly  for  March,  1888. 
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some  In  Europe.  Many  cireomstances  combine  to  point  to.  the  great  Iranic 
plateaa,  comprising  ancient  Persia  and  Bactria,  as  the  region  in  wlilch  tlie 
race  first  became  conspicuous.  But  every  linguistic  stoclc  roust  have  had 
Its  origin  in  a  single  household.  There  is  reason  to  believe  that  the  first  Ary- 
an household  had  its  home  at  some  point  in  the  Deshtistan,  or  low  coun- 
try of  southern  Persia,  bordering  on  the  Persian  Gulf  and  Indian  Ocean. 
Thence  its  descendants  spread  over  the  Iranic  uplands,  and  finally  over  Eu- 
rope, where  they  conquered  and  partly  absorbed  the  earlier  European  pop- 
ulations. The  physical  and  mental  traits  of  the  Medo-Persian  people,  as 
they  are  described  by  historians,  may  be  assumed  to  represent  those  of  the 
primitive  Aryans.  They  were  a  handsome  race,  tall  and  well  formed,  with 
features  of  the  Greek  type.  In  character  they  were  brave,  energetic,  and 
truthful,  but  cruel,  superstitious,  servile  and  un intellectual.  Their  bravery 
and  their  habit  of  combined  action,  resulting  fl'om  their  implicit  obedience 
to  their  rulers,  enabled  them  to  overcome  the  scattered  and  disunited  tribes 
of  Europe,  on  whom  they  imposed  their  language,  and  their  system  of  he- 
reditary government,  the  origin  of  European  aristocracy.  This,  in  its  na- 
ture and  essence,  was  a  genuine  caste  system,  previously  unknown  to  those 
tribes.  These  pre-Aryan  tribes  belonged  to  three  distinct  races  —  Semitic 
in  Greece  and  other  southeastern  countries,  Iberian  in  the  southwest  and 
west,  and  Uralian  in  the  north  and  centre  of  Europe.  All  these  races  were 
higher  in  mental  and  moral  qualities  than  the  Aryan,  and  especially  in  the 
love  of  freedom  and  aptitude  for  self-government.  The  modem  European 
populations  are  of  mixed  race,  but  mainly  of  pre-Aryan  lineage.  Their 
capacity  for  union  and  their  conquering  energy  are  due  chiefly  to  the  in- 
/Usion  of  Aryan  blood,  but  their  finer  intellectual  and  moral  qualities  come 
tfk'om  the  pre-Aryan  races.  These  races,  during  the  last  three  or  four  cen- 
ituries,  have  been  gradually  regaining  their  ascendency,  and  throwing  off 
the  debasing  system  of  hereditary  government  introduced  by  the  Aryan 
conquerors.  To  the  gradual  elimination  of  the  pernicious  effects  result- 
ing from  the  conquest  of  Europe  by  the  cruel,  unlntellectual,  and  rank- 
worshipping  Aryan  hordes  is  mainly  due  the  immense  advance  in  freedom, 
science,  and  morality  made  by  the  European  nations  in  modern  times.  The 
opinion  of  the  peculiar  excellence  of  the  Aryan  languages,  in  comparison 
with  other  idioms,  is  an  error  which  arose  before  the  principles  of  com- 
parative philology  were  well  understood.  Many  languages  of  other  stocks 
are  superior  to  the  primitive  Aryan  speech  in  the  capacity  of  expression. 
The  grammar  of  that  speech  has  many  gross  defects,  indicating  a  lack  of 
logical  power  In  Its  fhimers.  The  modem  Aryan  tongues  have  been  grad- 
ually working  themselves  tree  from  these  defects. 


NoTBs  ON  Amrrican  COMMUNITIES.    By  Anita  Nxwoomb  McGkb,  Wash- 
ington, ]>.  C. 

[ABSTRACT.] 

After  defining  Communism  as  the  doctrine  and  practice  of  common 
ownership  of  property,  and  discriminating  it  Arom  socialism  to  which  it 
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ifi  related  on  the  one  hand  and  codperation  which  It  approaches  on  the 
other  hand,  the  author  proceeded  to  describe  the  seven  measnrably  success- 
fill  American  community  systems,  setting  forth  briefly  the  causes  which  led 
to  their  establishment, their  social,  moral  and  political  attitude, their  growth, 
and  the  circumstances  which  led  to  the  dissolution  of  those  no  longer  ex- 
isting. Special  attention  was  given  to  the  history  of  American  communi- 
ties within  the  last  twelve  years,  during  which  period  the  subject  has  not 
been  compreliensively  treated  by  any  writer. 

Several  communities  were  visited  during  the  past  year  by  the  author,  and 
information  concerning  others  was  obtained  by  correspondence  with  former 
and  present  leaders.  They  are  as  follows :  1.  The  German  Inspiration- 
ist  Community  of  Amana,  In  eastern  Iowa,  now  in  a  flourishing  condition ; 
2.  The  system  of  communities  of  the  celibate  Shakers  In  the  eastern 
United  States ;  8.  The  German  Community  at  Zoar,  in  eastern  Ohio ;  4. 
The  German  Harmonist  (or  Rapplst)  celibate  Community  at  Economy,  in 
western  Pennsylvania ;  6.  The  remnant  of  the  French  Community  at  Icara, 
in  southwestern  lowu;  6.  The  American  Perfectionist  Community  at  Onei- 
da, New  York,  extinct  since  1880 ;  and  7.  The  Bethel  Aurora-Community  In 
Missouri  and  Oregon,  dissolved  in  1878.  Each  of  these  lasted  at  least  thir- 
ty years,  but  only  the  first  is  still  increasing  In  membership. 

It  was  pointed  out  that  the  characteristic  which  distinguishes  the  suc- 
cessful from  the  numerous  unsuccessful  and  short-lived  communities,  is 
that  the  former  labored  under  great  difficulty  and  often  persecution  at  their 
beginning  and  have  since  been  cautious  In  the  admission  of  new  members. 

Finally,  the  author  discassed  briefly  the  desirability  of  community  life 
and  the  conditions  of  stability  of  community  organization,  and  concluded 
Jlr«{,  that  community  Uf^  is  acceptable  only  to  individuals  of  ynusual  tastes 
and  ideas ;  and  9econd  that,  partly  for  this  reason  and  partly  because  it  an- 
tagonizes the  family  relation  and  runs  counter  to  the  tendency  of  social  ev- 
olution, community  organization  is  necessarily  unstable  and  evanescent. 


Eablt  Man  in  Spain.    By  Dr.  D.  G.  Brinton,  Media,  Pa. 

[▲BSTBJkOT.] 

Thb  Iberian  peninsula  presents  points  of  especial  Interest  to  the  general 

anthropologist  and  also  to  the  Americanist.     It  is  alleged  that  the  most 

,  ,>'  ancient  remains  of  a  man-like  animal  In  Europe  have  been  found  there,  and 

f  the  affinities  of  the  Basque  language  with  American  tongues  have  been  a 

frequent  subject  of  comment. 

These  oldest  remains  belong  to  the  lower  Miocene,  and,  if  authentic, 

^  would  show  that  at  that  early  epoch,  an  animal  who  chipped  flints  Into  tools 

-^'  lived  on  the  western  shores  of  the  peninsula.    Palaeollths  of  the  Chellean 

type  have  been  found  on  the  slopes  of  the  Sierra  Nevada,  In  caves  of  the 

Cantabrian  mountains,  and  In  early  quaternary  rlver-detrltus  near  Madrid* 
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An  examination  of  the  last  mentioned  beds  prores  that  at  the  period  of 
their  deposit  a  large  river  was  flowing  in  that  locality  fh>m  the  northeast 
This  is  one  of  many  evidences  to  prove  that  at  the  close  of  the  tertiary, 
and  probably  long  after,  an  extensive  land-area  occupied  the  North  Atlan* 
tic  and  connected  the  Iberian  peninsula  with  North  America.  It  Is  prob- 
able that  this  was  the  land-bridge  used  by  the  first  men  who  wandered  over 
to  the  American  continent. 

Neolithic  stone  implements  are  not  infrequent  in  Spain  and  present 
striking  analogies  of  appearance  with  those  f^om  northeastern  America. 
The  megalithic  rock-structures,  especially  those  in  Portugal,  appear  to  date 
ft>om  Neolithic  times. 

The  Basques  are  a  pure  branch  of  the  white  race,  who  once  extended 
over  the  whole  of  the  peninsula,  but  are  now  confined  to  the  valleys  of  the 
Pyrenees.  Their  language  has  many  structural  analogies  to  the  Aigonkin. 


Traits  of  pniMrnvB  speech,  illustrated  from  American  languages. 
By  Dr.  D.  G.  Brinton,  Media,  Pa. 

[ABSTRACr.] 

The  earliest  intelligent  utterances  of  man  were  undoubtedly  much  rader 
than  any  language  now  spoken.  What  they  must  have  been  can  be  ascer- 
tained to  some  extent  by  a  study  of  the  simplest  existing  tongues.  The 
American  languages  offer  exceptionally  favorable  materials  for  this,  as 
they  have  been  so  isolated  that  they  retain  their  primitive  traits.  The  pho- 
netics of  these  tongues  Indicate  great  variability  combined  with  material 
significance.  Both  vowels  and  consonants  have  fixed  meanings  attached 
to  them,  but  are  permntable  under  certain  vocal  laws.  The  Tinn6  and  the 
Cree  oflier  numerous  examples  of  both  these  pecnliarltles.  Many  of  the 
consonantal  sounds  are  double,  or,  as  we  should  express  It,  one  letter  of 
the  alphabet  cannot  be  used  without  another  pronounced  with  It;  thus 
the  Tupi  cannot  utter  the  sound  of  b  without  preceding  it  with  the  sound 
of  m.  There  does  not  appear,  however,  to  be  a  fixed  relation  between 
sound  and  sense  in  these  primitive  utterances. 

Many  of  the  radicals,  both  phonetic  and  syllable,  mean  both  an  idea  and 
its  opposite.  The  explanation  of  this  is  that  according  to  what  Is  known 
as  the  second  law  of  thought  an  idea  is  defined  by  an  equation  embracing 
both  the  idea  and  Its  privative,  as  a  »  not  not  —  a.  In  a  similar  manner 
primitive  speech  included  under  the  same  sound  both  the  positive  and  the 
privative  of  the  idea. 

The  most  marked  characteristic  of  the  grammar  of  these  tongues  is 
their  effort  to  express  the  whole  proposition  in  one  word  by  the  process  of 
Incorporation.  This  Is  believed  to  be  universal  in  American  tongues.  These 
word-sentences  were  disconnected,  and  even  yet  there  Is  no  well-perfected 
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machinery  in  these  tongues  to  display  the  relation  of  the  leading  and  de- 
pendent clauses ;  relative  pronouns  and  conjunctions  are  unknown. 

Many  ideas  can  be  expressed  only  in  relation,  as  an  active  verb  and  its 
object,  the  parts  of  the  body,  consanguinity,  etc.  Numerals  in  primitive 
speech  were  unknown,  as  were  also  grammatical  gender  and  case.  Early 
man  appears  to  have  been  a  visual  re  rather  than  an  auditaire,  and  his  main 
distinction  of  things  was  Into  living  and  not-living,  or  animate  and  inani- 
mate. 


Ok  the  alleokd  Mongoloid  affinities  of  the  American  race.    By 
Dr.  D.  G.  Brinton,  Media,  Pa. 

[AB8TBACT.] 

Many  writers  have  asserted  that  the  American  race  presents  various 
racial  traits  of  the  Mongolians,  and  hence  have  classed  the  Americans  with 
the  Mongolians  or  applied  to  them  the  term  **Mongolold." 

These  alleged  affinities  may  be  examined  either  as  of  language,  of  cul- 
ture, or  of  anatomical  peculiarities. 

The  Mongolian  people,  taken  broadly,  speak  either  monosyllabic  and  iso- 
lating, or  polysyllabic  and  agglutinating  languages.  The  Eskimo  has  been 
asserted  to  resemble  the  latter,  the  Otomi  the  former ;  but  a  moderate  ex- 
amination proves  the  supposed  analogies  to  be  remote  and  Insignificant. 

In  culture  there  are  many  parallelisms,  but  nothing  which  would  justify 
a  belief  that  the  one  civilization  spraqg  Arom  or  was  materially  Influehced 
by  the  other. 

The  anatomical  analogies  which  have  been  adduced  refer  to  the  color  of 
the  skin,  the  hair,  the  shape  of  the  skull  and  the  oblique  eye ;  all  these,  on 
examination,  prove  delusive,  while  some  other  traits,  as  the  nasal  Index, 
are  decidedly  un-Mongollan.  It  is  also  true  that  those  tribes,  once  said  to 
be  peculiarly  Chinese-looking,  have  not  proved  so  on  closer  examination. 


A  LIMONTTE  HUMAN  VERTEBRA  FROM  FLORIDA.      By  Dr.  D.  G.   BuINTON, 

Media,  Pa. 

[ABSTBAGT.l 

A  HUMAN  vertebra  from  a  postpliocene  deposit  in  Florida,  the  calcare- 
ous tissue  completely  removed  and  replaced  by  hydrated  peroxide  of  Iron. 


Note  on  certain  prehistoric  ornaments  found  in  Mississippi.     By 
Prof.  B.  B.  Fulton,  University  of  Mississippi. 

rABSTKACT.j 

Exhibition  of  certain  ornaments  of  a  hard  Jade-like,  but  reddish  ma- 
terial, found  near  Wesson,  Mississippi,  about  sixty  miles  east  of  Natchez. 
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The  DETKLonnNT  ov  thb  ckviuzatiok  of  Nobthwwt  Amsbica.    By 
Dr.  F.  BOAfl,  New  York,  N.  Y. 

[ABSTRACT.] 

The  ciyilizatlon  of  Northwest  America  is  not  aniform,  hot  three  cen- 
tres may  be  distingnished  which  agree  fairly  with  the  linguistic  divisions: 
the  Tlliigit,  Tsimshian,  Kwaklatl  and  Salisli.  Totemism  of  these  groups; 
their  mythologies;  their  social  organization.  It  is  possible  to  trace  the  in- 
flaence  of  the  Kwakiutl  upon  their  neighbors  and  to  show  that  they  have 
had  a  material  influence  npon  the  civilization  of  Northwest  America.  Dis- 
cosslon  of  their  dances.  The  nse  of  cedar-bark  ornaments.  The  cannibal- 
ism is  connected  with  their  dances.  The  Tsimshlan,  Halda  and  Nntka 
adopted  these  customs  from  the  Kwakiutl.  Linguistic  and  historical  prooft 
of  the  fact.  Probable  origin  of  the  use  of  masks  and  heraldic  columns. 
The  development  of  arts  among  the  Halda. 

Alleged  similarity  of  Asiatic  and  Northwest  coast  culture.  A  similarity 
of  the  Kwakiutl,  Salish  and  Tslmshlan  elements  out  of  the  question.  It 
Is  necessary  to  study  the  Halda  element  and  it  may  be  that  here  a  connec- 
tion exists. 


Becbntlt  discovered  Aloonkin  dictographs.    By  Col.  Oarrigk  Kal- 
LSRT,  Bureau  of  Ethnology,  Washington,  D.  C. 

[ABSTRACT.] 

Discussion  of  the  publications  of  Henry  B.  Schoolcraft,  issued  in  1858, 
npon  the  pictographs  of  the  OJIbwa,  giving  the  impression  that  they  were 
nearly  as  far  advanced  In  hieroglyphic  writing  as  the  Egyptians  before 
their  pictorial  representations  had  become  syllabic.  Doubts. of  the  accu- 
racy of  these  accounts  had  been  entertained,  hence  an  expedition  was  made 
last  summer  by  Col.  Mallery  and  Dr.  HofAnan  to  five  reservations  In  Min- 
nesota and  Wisconsin  to  learn  what  might  remain  on  the  subject,  resulting 
in  obtaining  a  large  number  of  bark  records  old  and  new,  showing  great 
plctographic  skill  and  its  general  use  In  ordinary  affairs  of  life  as  well  as 
religions  and  ceremonial,  though  Schoolcraft  had  colored  and  exaggerated. 

Account  of  an  expedition  by  Colonel  Mallery  to  Maine,  New  Brunswick, 
Cape  Breton  and  Prince  Edwards  Islands  and  Nova  Scotia  to  Investigate 
the  bark  records  and  petroglyphs  of  the  Mlcmacs  and  Abnakl,  with  special 
attention  to  the  aboriginal  nature  of  the  characters  first  used  by  French 
missionaries  In  1652,  and  afterwards  published  by  Father  Kauder  In  1862, 
commonly  called  the  '*Micmac  Hieroglyphics.  "  An  Important  and  unique 
body  of  rock  etchings  was  discovered  at  KeJemkoojIc  Lake  In  Nova  Scotia 
and  petroglyphs  near  Machias,  Maine,  also  a  variety  of  bark  records  and 
traditions  relating  to  them. 

Copies  of  about  one  hundred  of  the  pictographs,  some  of  original  size, 
and  some  enlarged  so  as  to  be  visible,  were  hang  on  the  walls  as  illustra- 
tions of  the  paper. 
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Thb  Onomdaoas  of  to*i>at.    By  Rev.  W.  M.  Bbauchamp,  BaldwInsvlUe, 
N.  Y. 

[ABSTRACT.] 

The  Onondagas  have  almost  forgotten  their  past  history.  In  the  past 
half  century  there  has  been  a  gradual  Improvement  in  their  condition,  but 
it  does  not  yet  rank  high.  Social  and  political  changes  are  continuous  in 
the  clans  and  in  the  govemment  of  the  nation.  There  Is  much  mixed  blood , 
though  less  than  is  supposed.  The  white  dog  feast  Is  now  kept  without 
the  dog,  and  there  are  changes  in  other  feasts.  The  False  Faces  maintain 
some  early  customs,  and  form  a  society.  A  recent  condolence  at  Onondaga 
showed  old  usages,  but  in  a  modified  form.  It  was  conducted  by  the  Onei- 
das.  Some  early  kinds  of  cookery  are  retained  as  well  as  early  implements 
and  articles  of  fUmlture.  Many  superstitions  remain,  but  all  are  not  such 
which  have  this  appearance.  The  dead  feast  and  the  driving  off  of  witches 
are  the  most  important.  Strings  of  wampum,  differing  In  color,  size  and 
number  are  used  in  many  ceremonies,  and  were  briefly  described.  They 
have  been  partial  to  silver  ornaments,  but  these  have  mostly  disappeared, 
and  those  shown  are  fair  samples  of  the  remaining  forms.  Changes  of  life 
and  environment  are  rapidly  affecting  the  language,  as  new  words  have  to 
be  formed  and  old  ones  abandoned. 


Thr  rarer  Indian  reucs  of  central  New  York.  By  Rev.  W.  M.  Beau- 
champ,  BaldwInsviUe,  N.  Y. 

[abstract.] 

The  grooved  boulders  of  Onondaga  and  Yates  counties  are  remarkable 
the  grooves  being  from  eight  to  twenty  inches  long,  and  about  three- 
fourths  of  an  inch  deep  and  wide.  They  are  of  the  early  historic  period. 
Other  curious  relics  are  the  polished  slate  arrows,  some  forms  of  flint  Im- 
plements, stone  cups,  stone  and  clay  tubes.  Some  peculiarities  may  be 
seen  in  pipes  of  different  eras,  and  there  are  noteworthy  differences  In 
copper  implements,  beads,  scrapers,  drills  and  earthenware. 


Unfinished  <'BANNER8TOKE8"  FROM  THE  Susquehanna  RivBR.  By  Atreus 
Wanner,  York,  Fa. 

[ABSTRACT.*] 

In  this  paper  were  described  a  number  of  unfinished  **banner  stones" 
Arom  a  limited  region  along  the  Susquehanna  river.  The  specimens  were 
so  grouped  as  to  illustrate  successive  stages  In  their  manufacture. 

As  determined  by  the  specimens  presented,  the  process  of  making  ban- 
ner stones  consisted  in :  first,  roughly  fiaking  and  pecking  into  shape ; 
second,  grinding;  third,  drilling  the  hole. 

In  conclusion  the  author  gave  as  his  opinion  that  a  hafted  implement, 
with  a  sharp  point,  was  used  In  pecking  the  various  specimens  described. 

iThis  paper  will  be  publiBhed  in  the  "American  NataralUt." 
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Thb  pstcholoot  of  DBCBpnoM.    By  Prof.  Joskph  Jastrow,  Madison, 
Wis. 

[ABSnUOT.] 

A  FUNDAMisKTAL  distinction  necessary  to  understand  how  deception  Ia 
carried  on  is  that  between  what  is  given  and  what  Is  inferred  In  perception. 
We  conftise  the  two  as  well  as  make  Inferences  nnconsclonsly. 

A  perception  depends  as  well  upon  the  nature  of  the  percipient  as  upon 
the  object  perceived.  We  interpret  the  unknown  by  the  known;  one 
type  of  deception  occurs  when  this  general  rule  does  not  hold  good.  An- 
other type  of  deception  depends  upon  subjective  causes,  the  misplacing  of 
attention,  lapses  of  memory,  a  dominant  Idea,  prejudice  and  so  on.  Con- 
juring and  the  physical  manifestations  of  spiritualism  ftimlsh  the  most  apt 
illustrations  of  the  process. 


SoMS  of  thb  charactbristics  of  thb  Yakutat  Indians  of  Alaska. 
By  Prof.  WiixiAM  Libbet,  jr.,  Princeton,  N.  J. 

[ABSTBAOT.] 

DiscussBD  briefly  the  physical  characteristics  of  these  Indians  fh>m 
notes  made  on  a  trip  among  them  in  1886. 


SOMB  ANCiBNT  DI00IN08  IN  NEBRASKA.    By  Prof.  J.  E.  ToDD,  Tabor,  la. 

[ABSTBAGT.] 

This  paper  gave  a  description  of  an  ancient  quarry,  many  square  rods 
In  extent,  which  is  on  the  fi&rm  of  Mr.  Isaac  Pollard,  near  Nehawka,  Cass 
Co.,  Neb.  It  is  clearly  the  work  of  aborigines.  Oak  trees,  thirteen  to 
seventeen  inches  in  diameter,  grow  over  it.  The  object  of  search  seems 
to  have  been  masses  of  flint  In  a  layer  of  carboniferous  limestone.  It  Is 
comparable  with  the  famous  pipestone  quarry  of  Minnesota,  both  in  ex- 
tent and  depth  of  excavation. 


On  SOME  RECENTLT  CHIPPBD  ARROW-POINTS  FROM  NORTH  CaROUNA.       By 

Geo.  F.  Kunz,  New  York,  N.  Y. 


The  Srrprnt  Mound  and  its  surroundings   (illustrated  by  lantern 
views).  By  Prof.  F.  W.  Putnam,  Peabody  Museum,  Cambridge,  Mass. 
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Ok  anciknt  arrows  and  A  nkw  mkthod  of  arrow  rblkasb.     By  Prof. 
£dw.  S.  Morsb,  Salem,  Mass. 


Paueolithic  implrmrnts  from  the  gravel,  Newcastle  Co.,  Dela- 
ware. By  Hilborne  T.  Cresson,  Philadelphia,  Pa.  [Presented  by 
Prof.  F.  W.  Patnam.  Printed  in  Proc.  Boston  Soc.  Nat.  Hist.,  Vol. 
zxiv,  1889.] 


Chipped  implement  from  the  gravel  on  the  East  Fork  of  White 
River,  Jackson  Co.,  Indiana.  By  Hilborne  T.  Cresson,  Philadel- 
phia, Pa.  [Presented  by  Prof.  F.  W.  Putnam.  Printed  in  Proc.  Boston 
Soc.  Nat.  Hist.,  Vol.  xxiv,  1389.] 


Ekhibition  of  copper  and  stone  implements.    By  Walter  C.  Wyman, 
Chicago,  111.  

Iowa  mound-builders'  relics.  By  Joel  W.  Smith,  Charles  City,  Iowa. 


Woman's  share  in  primitive  industry  (with  lantern  illustrations).  By 
Prof.  O.  T.  Mason,  Washington,  D.  C.  [Printed  in  American  Anti- 
quarian, 1889.] 


Man  during  the  paueolithic  period  in  America.  By  Thomas  Wilson, 
Washington,  D.  C. 


On  a  remarkable  gold  ornament  from  the  United  States  of  Colum- 
bia.   By  Geo.  F.  Kunz,  New  York,  N.  T. 


A  remarkable  jadeitr  tablet  from  Santa  Lucia  Cotzulmalguatra, 
Guatemala.    By  Geo.  F.  Kunz,  N.  Y. 


Some  new  groups  of  effigy  mounds  :  their  location  and  significance. 
By  Dr.  Stephen  D.  Pert,  Mendon,  111. 


The  clan  system  among  the  mound  builders.  By  Dr.  Stephen  D.  Peet, 
Mendon,  111. 

Did  the  Cherokees  build  the  so-called  village  enclosures  of  the 
Scioto  Valley?    By  Dr.  Stephen  D.  Feet,  Mendon,  111. 


The  mounds  in  the  Mississippi  bottom  lands  as  places  of  refuge 
FROM  high  water.    By  Dr.  Stephen  D.  Pert,  Mendon,  111. 
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ADDRESS 
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ALTRUISM  CONSIDERED  ECONOMICALLY. 


The  primary  motive  of  human  action  has  always  been  the  care 
of  self,  this  being  for  man  nature's  first  and  greatest  law.  In  his 
unthinking  zeal  he  has  ofben  followed  this  to  a  degree  unnecessary 
and  consequently  harmflil  to  others.  In  his  savage  state  and  es- 
pecially in  his  primeval  condition,  where  he  was  subject,  like  all 
the  lower  forms  of  life,  to  the  law  of  the  survival  of  the  fittest,  he 
could  not  consider  others'  interests  because  they  were  so  antago- 
nistic to  his  own.  Often  one  of  two  must  starve,  and  each  would 
let  it  be  the  other  one ;  he  did  not  even  become  conscious  that  he 
was  so  acting  for  a  very  long  period  of  time.  It  was  the  progress 
from  a  being  not  human  to  the  being  called  man  when  sufilcient 
intelligence  had  accumulated  to  make  him  conscious  that  he  could 
live  and  let  live.  That  point  was  also  marked  by  and  synchronous 
with  the  acquirement  of  such  weapons  and  such  skill  as  enabled 
man  to  procure  food  enough  to  make  the  starvation  of  some  un- 
necessary. Then  the  war  for  the  survival  of  the  fittest,  as  known 
to  biology,  ceased  among  men.  Ever  since,  so  far  as  there  has  been 
a  struggle  affiecting  the  survival  of  the  fittest,  and  that  struggle 
continues  to  the  present  day  in  certain  ways,  it  has  been  of  a  dif- 
ferent sort  and  one  which  must  not  be  confounded  with  the  biologic 
law  of  the  survival  of  the  fittest.  Major  Powell  has  admirably  shown 
how  the  strictly  biologic  struggle  has  ceased  in  man  but  he  has  not 
yet  shown,  as  may  be,  the  character  of  that  struggle,  largely  in- 
tellectual, which  still  works  out  certain  survivals  of  the  fittest. 

(888) 
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Having  passed  fh>m  the  point  where,  if  he  survive,  it  mast  be  at 
the  expense  of  others,  man  began  to  recognize  and  to  consider  the 
desires  of  his  fellows,  and  among  others  he  counted  not  only  his 
fellows  but  mythical  and  supernatural  beings.  Thus  appeared 
the  greatest  natural  basis  of  religion.  It  is  not  strange,  therefore, 
that  religion  should  have  existed  from  very  early  times  and  that 
it  should  have  taught  its  votaries  especially  to  regard  the  needs  of 
others.  Its  mission  was  to  teach  a  race  whose  ancestors  had  been 
absorbed  for  untold  ages  in  caring  only  for  self,  to  adapt  itself  to 
a  new  environment  by  learning  to  care  for  the  wants  of  others.  In 
caring  for  others  the  more  powerful  soon  received  superior  recog- 
nition, so  it  came  to  pass  that  supernatural  demands  took  pi*ece- 
dence  of  the  rest.  When  that  point  had  become  clear,  men  were 
easily  tempted  to  profess  to  represent  the  gods  in  order  that  they 
might  share  the  precedence.  In  this  natural  way  became  estab- 
lished the  order  of  duty  which  was  taught  by  every  religion  prior 
to  Christianity,  viz. : 

1.  To  the  gods  and  their  representatives. 

2.  To  self. 
8.    To  others. 

Early  Christianity  must  be  credited  with  changing  the  order  of 
duty  to  the  following : 

1.  To  its  one  supernatural  being. 

2.  To  all  others  equally  with  self. 

Even  under  this  improved  system,  many  people  are  led  to  make 
great  personal  sacrifices  in  the  belief  that  thereby  they  are  living 
the  noblest  life  possible  to  man ;  when,  in  reality,  as  it  is  the  object 
of  this  paper  to  show,  their  sacrifices  are  either  useless  or  what  is 
worse,  grossly  injurious  both  to  themselves  and  to  the  supposed 
beneficiaries. 

SBLF-IKTKRBST  AND  SELnSHMBSS. 

During  all  the  untold  years  in  which  it  was  a  physical  necessity 
to  regard  self  even  to  the  injury  of  others,  our  ancestors  acquired 
a  predisposition  thereto  which  heredity  has  brought  down  the  stream 
of  time.  As  being  no  longer  a  necessity,  its  practice  long  since 
became  one  of  the  recognized  evils  of  tlie  world.  We  apply  to  it 
the  opprobrious  epithet  of  selfishness.  There  is  a  better  term  and 
one  which  does  not  imply  a  moral  quality,  for  there  may  be  devo- 
tion to  one's  own  intei^ests  which  should  not  be  so  characterized. 
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Egoism  is  such  devotion  to  one's  own  interests ;  it  may  be  proper 
and  it  may  be  improper.  The  term  does  not  imply  either  propriety 
or  impropriety.  Let  the  word  self-interest  stand  for  justifiable 
egoism  and  the  word  selfishness  represent  unjustifiable  egoism. 

Egoism  then  was  once  a  necessity,  and  while  it  was  a  condition 
to  existence,  it  was  Justifiable,  whatever  its  effects  on  others  might 
have  been.  When  things  changed  so  as  not  to  render  egoism  a 
necessity,  man  was  still  as  prone  to  practise  it  as  before.  He  was 
acting  under  the  acquired  impulses  of  ages.  It  was  an  extremely 
difficult  thing  for  him  to  repress  his  egoism ;  it  was  perhaps  even 
more  difficult  for  him  to  understand  that  he  ought  to  do  so.  And 
yet  the  change  of  circumstances  had  produced  a  change  in  its  moral 
quality.  From  the  practice  of  self-interest  he  had  passed  to  the 
practice  of  selfishness  and  ho  had  so  passed  unconsciously,  for  the 
change  was  in  environment  and  not  in  him.  The  same  act  that  had 
been  a  virtue  was  now  a  vice.  Of  course  centuries  were  needed 
for  this  idea  to  develop  and  to  be  disseminated,  but  at  length  it 
came.  Although  the  terms  were  not  in  use,  the  differentiation  had 
taken  place.  The  terms  came  when  needed  to  express  existing  ideas. 

ALTRUISM. 

Long  after  egoism  had  differentiated  into  self-interest  and  sel- 
fishness came  the  idea  of  doing  something  for  others.  Man's  pow- 
ers were  then  so  limited  that  this  was  not  much.  Even  when  he 
became  capable  he  was  slow  to  discover  it  and  slower  to  act  upon 
it.  Heredity  bound  him.  To  loosen  him  was  the  mission  of  re- 
ligion. Whatever  its  votaries  may  claim  as  to  its  history  and  pur- 
pose, the  one  great  and  overwhelming  power  that  religion  has  had 
upon  the  world  is  this  -— ^  it  has  developed  doing  for  others.  It 
has  turned  man's  attention  away  from  himself  to  those  not  him- 
self. A  most  excellent  term  to  use  for  this  is  JMruiam^ —  a  term 
first  employed  only  about  fifty  years  ago  by  Auguste  Comte  to  sig- 
nify devotion  to  others  or  to  humanity.  Percy  Smith,  in  his  '^Glos- 
sary of  Terms  and  Phrases,"  defines  it  as ''  the  doing  to  another 
as  one  would  be  done  by ;  opposed  to  egoism." 

Such  terms  as  benevolence  and  charity  have  been  generally  used 
to  cover  the  idea  of  altruism,  but  in  the  mind  of  every  one  be- 
nevolence and  charity  involve  the  moral  quality  of  goodness.  It 
is  of  the  greatest  importance  to  have  a  word  like  altruism  which 
does  not  imply  any  moral  quality  and  which  covers  all  we  do  for 
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Others  regardless  of  the  consequences,  just  as  egoism  covers  all  we 
do  for  self  regardless  of  consequences  or  of  moral  quality. 

ALTRUISM  THUS  FAR  INDISCRIMIKATB. 

That  mankind  has  thus  far  regarded  all  altruism  as  good  is 
undeniably  shown  by  the  fact  that  neither  English  nor  any  other 
language  has  words  to  distinguish  proper  from  Improper  altruism. 
This  distinction  has  not  been  well  developed.  It  was  early  seen 
that  the  motives  were  of  importance.  If  we  do  something  for  oth. 
ers  it  should  be  with  a  good  motive.  The  act  was  declared  to  be 
of  no  subjective  value  unless  the  motive  was  lofty,  thus :  ^^Do  not 
your  alms  before  men  to  be  seen  of  them,  otherwise  you  have  no 
reward  of  your  Father  which  is  in  Heaven."  Galling  attention  thus 
to  motives  was  doubtless  a  great  advance  upon  the  preceding  times. 
This  improved  form  of  altruism  was,  however,  indiscriminate. 
Nothing  was  said  nor  implied,  in  the  above  precept,  as  to  the 
character  of  the  persons  to  whom  alms  were  to  be  given.  Nothing 
was  hinted  nor  thought  of  the  ultimate  effect  upon  the  recipient  of 
giving  alms,  much  less  of  taking  steps  to  prevent  any  needing 
alms.  Elsewhere  the  intimation  was  that  all  who  were  poor 
should  receive,  as  indicated  by  the  direction  ^^Go  and  sell  all  that 
thou  hast,  and  give  to  the  poor,  and  come  and  follow  me  and  thou 
shalt  have  treasure  in  heaven."  "He  that  giveth  to  the  poor  lend- 
eth  to  the  Lord."  "  It  is  easier  for  a  camel  to  go  through  the  eye 
of  a  needle,  than  for  a  rich  man  to  enter  into  the  kingdom  of  Grod." 
Here  the  extreme  of  altruism  was  proposed,  but  utterly  without 
discrimination  as  to  the  objective  effect. 

KECESSITT   OF   LIMITING  THE   MEANING   OF   ALTRUISM. 

Just  as  all  people  assume  the  moral  character  of  benevolence 
and  charity,  so  there  is  a  disposition  to  assume  that  all  altruism  is 
good,  in  other  words  to  use  it  as  a  synonym.  Some  writers  of 
much  prominence  have  not  properly  treated  the  subject  of  altruism, 
and  religious  writers  especially  fail  to  measure  its  true  character ; 
that  is,  we  see  forms  of  altruism  held  up  as  the  summum  bonum^ 
its  teachings  are  said  to  be  almost  or  quite  divine.  A  professor  in 
Johns  Hopkins  University  has  recently  in  the  Congregationalist 
spoken  of  altruism  as  the  opposite  of  selfishness  which  latter  term 
he  also  confounds  with  egoism  (and  spells  it  egotism).  This  is  very 
unfortunate.  We  shall  never  work  out  social  problems  with  such  con- 
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fusion  of  ideas.  Seeing  men  in  such  positions  treat  altruism  as 
always  a  good  thing  and  seeing  them  urge  its  practice  without  cour 
sideration  or  without  limitation  has  prompted  this  attempt  to  dis- 
tinguish between  justifiable  altruism  and  unjustifiable  altruism  as 
carefully  as  moralists  distinguish  between  justifiable  egoism  (self- 
love  or  self-interest)  and  unjustifiable  egoism  (selfishness).  And 
right  here  the  moral  philosophers  must  be  alluded  to.  They  have 
been  so  zealous  to  destroy  selfishness  that  they  have  urged  the  doing: 
of  good  to  others  without  sufficiently  distinguishing  between  seeming: 
good  and  the  evil  effects  thereof.  They  have  too  much  determined 
the  quality  of  acts  by  an  examination  of  the  motives  under  which 
the  acts  were  performed  and  too  little  by  an  examination  of  the 
effects  produced.  They  ought  long  since  to  have  studied  the  char- 
acter of  altruism. 

THE   GOOD   ACCOMPLISHED   BT  INDISCRIMINATE  ALTRUISM. 

For  1,800  years  the  world  has  had  an  altruism  which  failed  to 
discriminate  as  to  the  object,  and,  as  will  appear  later,  altruism  has 
often  been  carried  to  injurious  excess,  and  yet  we  have  had  about  as 
good  general  results  as  could  be  expected  under  the  circumstances.. 
The  early  step  from  justifiable  egoism  to  that  which  discriminated 
was  a  long  one.  From  the  mind  resting  on  self  to  considering 
the  immediate  wants  of  others  was  a  great  advance.  From  altru- 
ism performed  with  selfish  motives  to  disinterested  benevolence 
was  another  grand  advance.  The  order  of  human  progress  doubt- 
less required  a  long  discipline  in  indiscriminate  altruism  before  men 
should  learn  to  differentiate  it  by  observing  its  results.  Again, 
not  only  man's  mental  progress  but  that  of  life  on  tiie  earth  has 
been  by  pendulum  beats  from  extreme  to  extreme,  by  action  and 
reaction,  until  finally  the  golden  mean  of  Horace  has  been  reached. 
The  shield  was  neither  silver  as  protested  by  him  who  viewed  it 
from  the  east  nor  yet  gold  as  viewed  by  him  in  the  west ;  but,  had 
not  each  held  and  proclaimed  his  opinion,  the  truth  would  not  have 
been  reached  by  either.  Progress  limps  and  goes  by  indirections ; 
but  the  various  steps  indicated  have  been  taken  and  well  taken. 

To  Christianity  then,  by  far  the  greatest  exponent  of  this  in- 
discriminate altruism,  is  due  the  great  credit  of  having  taught  it 
and  measurably  brought  the  world  from  selfishness  to  disinterest- 
ed benevolence.  It  matters  not  that  the  race  might  have  traversed 
this  path  under  some  other  banner,  and  that  many  tribes  have  found 

A.  A.  A.  S.  VOL.  XXXVU.  22 


338  SECTION  I. 

it  independently.  '^  Honor  to  whom  honor"  permits  this  willing 
recognition.  Although  it  overlooked  this  newer  feature  it  had 
enough  to  do  for  man  of  a  more  primary  character. 

NON-RESISTANCE  AND   SELF-ABNEGATION    ALTRUISTIC 

The  most  intense  manifestation  of  the  altruistic  spirit  is  in  non- 
resistance  to  evil  and  in  utter  disregard  of  self.  How  beautiful 
seem  to  us  those  precepts  pointing  thereto. 

^^ Whosoever  shall  smite  thee  on  thy  right  cheek  turn  to  him  the 
other  also.  If  any  man  sue  thee  at  the  law  and  take  away  thy  coat, 
let  him  have  thy  cloak  also.  Lay  not  up  for  yourselves  treasures 
upon  earth  where  moth  and  rust  doth  corrupt  and  where  thieves 
break  through  and  steal.  Take  no  thought  for  your  life,  what  ye 
shall  eat  or  what  ye  shall  drink  nor  yet  for  your  body  what  ye  shall 
put  on.  Consider  the  lilies  of  the  field,  how  they  grow ;  they  toil 
not,  neither  do  they  spin,  and  yet  I  say  unto  you  that  Solomon  in 
all  his  glory  was  not  arrayed  like  one  of  these.  Take  therefore 
no  thought  for  the  morrow  for  the  morrow  shall  take  thought  for 
the  things  of  itself.  Give  to  him  that  asketh  thee  and  from  him 
that  would  borrow  of  thee  turn  not  thou  away.  Go  and  sell  all  that 
thou  hast  and  give  to  the  poor  and  come  and  follow  me  and  thou 
shalt  have  treasure  in  heaven." 

WHT  NON-RESISTANCE  AND   SELF-ABNEGATION  ARE    BUT    LITTLE 

PRACTISED. 

And  yet  however  grandly  its  maxims  may  ring  in  our  esArs,  what- 
ever praises  we  may  bestow  upon  its  advocates  and  whatever  sat- 
isfaction we  may  express  with  the  past,  the  day  for  this  indiscrim- 
inate altruism  has  gone  by  and  we  are  confronted  with  present 
duty.  To-day  the  only  man  who  sells  all  that  he  has  and  gives  to 
the  poor  is  the  unfortunate  one  whom  we  shut  up  in  tbe  insane 
asylum.  To-day  the  only  one  who  takes  no  thought  for  the  mor- 
row is  the  tramp  or  the  beggar.  (The  professional  beggar  has 
even  sense  enough  to  keep  a  bank  account.)  Those  extremes  of 
altruism,  non-resistance  and  self-abnegation,  have  been  discarded. 
And  why  ?  Let  us  now  recognize  the  virtue  in  them  and  under- 
stand also  just  why  they  are  impracticable. 

The  virtue  of  those  precepts  lies  in  their  power  to  draw  men  away 
from  self.  Read  them  slowly — not  a  selfish  motive  to  be  found  in 
them.    They  remove  one  the  farthest  possible  f^om  thought  of  self- 
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At  the  time  when  the  degradation  of  women  was  greatest,  when  chat- 
tel slavery  was  so  universal  that  even  St.  Paul  returned  a  runaway  to 
his  master,  when  political  freedom  was  unknown,  when  drunkenness 
and  debauchery  far  exceeded  the  present,  the  best  thing  for  mankind 
was  to  hold  up  this  extreme  of  altruism  as  an  ideal  and  even  to  de- 
clare it  divine,  which  it  nearly  was  in  comparison  with  the  evils 
combatted.  So  long  as  no  one  could  point  out  its  defects,  its  force 
would  be  and  was  very  great  for  good.  Through  the  self-inflicted 
injuries  which  the  early  Christians  caused  in  practising  these  prin- 
ciples was  the  tide  of  human  selfishness  checked.  But  the  evil  of 
these  precepts  consisted  in  their  subjective  influence  being  excessive 
(therefore  injurious)  and  in  their  utter  disregard  of  ultimate  and 
objective  results.  He  who  curbs  his  own  selfish  and  grasping  spirit 
by  taking  no  thought  for  the  morrow  lays  himself  liable  to  want 
(which  is  perhaps  the  lesser  of  the  two  subjective  evils),  but  the 
objective  effect  is  more  far-reaching  and  only  evil.  It  acts  as  an 
incentive  to  others  to  idleness,  improvidence  and  ultimate  beggary. 
He  who  being  smitten  on  one  cheek  turns  the  other  cultivates  pa- 
tience and  self  control,  but  he  leaves  his  assailant  all  the  more 
ready  to  smite  the  next  man  he  gets  mad  with.  Again,  the  sub- 
jective effect  has  good  in  it ;  the  objective  effect  has  far-reaching 
evil  in  it.  If  I  imitate  the  lilies  of  the  field  which  neither  toil  to 
make  themselves  a  shelter  nor  spin  themselves  clothes,  I  may  be 
admired  for  my  assurance  and  freedom  from  anxiety,  but  I  shall  also 
be  cut  down  by  the  first  frost  of  adversity  and  be  ruthlessly  swept 
out  of  sight  by  the  first  snow  of  winter.  Objectively,  I  shall  have 
set  a  bad  example  to  weaker  minds  than  mine.  They  will  say  ^^Let 
us  eat,  drink  and  be  merry,  for  to-morrow  we  die."  And  the  world 
will  have  paid  dearly  for  my  little  exhibition  of  self-culture. 

He,  who,  sued  at  law  for  a  coat  by  a  grasping  neighbor,  peace- 
fully folds  in  a  cloak  also,  may  cultivate  some  useful  feelings  in  his 
own  breast  while  infiicting  an  unwise  deprivation  upon  himself,  but 
the  victorious  plaintiff  has  become  a  meaner  man  and  will  bring 
new  suits  at  the  earliest  opportunity ;  if  not  upon  this,  upon  some 
other  man  whom  he  thinks  he  can  browbeat,  and  there  are  plenty 
of  lawyers  who  will  help  him  to  do  so.  He,  who  sells  all  he  has 
and  gives  to  the  poor,  may,  if  he  is  very  badly  eaten  up  with  greed 
for  money,  discipline  himself  in  the  right  direction,  but  in  selling 
all  he  has  deprived  himself  of  the  means  of  self-support  in  sickness 
and  endangered  the  care  of  his  family.    But  all  this  of  subjective 
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wrong  might  be  perpetrated  to  curb  a  grasping  spirit  throagli  the 
loss  of  property.  That,  however,  which  he  had  no  right  to  do,  he 
has  done.  He  has  pauperized  the  poor.  The  evil  inflicted  upon 
scores  and  perhaps  hundreds  is  in  their  lessening  of  self-respect, 
the  cultivation  of  indolence,  the  enfeebling  of  their  already  weak 
determinations,  the  putting  farther  away  of  that  day  when  the  poor 
shall  be  properly  paid  for  their  work,  and  the  fostering  of  that 
reckless  spirit  '^the  world  owes  me  a  living  and  I  am  going  to  have 
it."  If  the  next  rich  man  does  not  sell  out  and  distribute  soon 
enough  they  will  thirst  for  his  riches, — perhaps  for  his  blood.  If 
some  of  his  wealth  is  ill-gotten,  as  is  the  case  with  many  rich  men, 
they  will  consider  it  all  so.  In  such  soil  the  seeds  of  communism 
grow.  The  advocates  of  anarchy  and  the  haters  of  government 
are  found  always  among  the  poor. 

Now  note  this  most  remarkable  fact, —  that  every  single  precept 
pointing  to  non-resistance  and  self-abnegation  while  subjectively 
attractive,  ignores  the  objective  and  ultimate  effect;  that  is,  they 
all  seem  to  be  of  benefit  to  the  doer  but  make  not  an  iota  of  dis- 
crimination as  to  the  effect  upon  others ;  while,  in  fact,  as  history 
has  shown,  and  as  we  are  now  beginning  to  know,  both  are  injured ; 
but  the  greatest  harm  is  done  to  the  supposed  beneficiaries. 

Self-abnegation  is  thus  as  far  from  virtue  as  selfishness.  The 
golden  mean  lies  between,  where  our  egoism  benefits  us  but  does 
not  sting  another  and  where  our  altruism  benefits  others  in  its  ul- 
timate effects  without  sapping  their  or  our  own  welfare.  Selfish- 
ness is  shortsighted  gratification  of  base  impulses.  Self-abnegatioa 
is  short-sighted  gratification  of  benevolent  impulses.  Both  are  im- 
pulsive, both  are  shortsighted  and  both  inflict  evil  upon  others. 

CHARITY  AMD   BENEVOLENCE. 

A  more  moderate  and  acceptable  form  of  altmism  goes  under 
these  names.  They  are  also  valuable  in  curbing  the  spirit  of  ego- 
ism and  have  made  many  people,  both  givers  and  recipients,  happy 
for  the  time  being.  *'To  do  good  and  to  distribute  forget  not,  for 
with  such  offerings  the  Lord  is  well  pleased."  Again  no  discrim- 
ination is  made  as  to  the  objects  of  charity  and  of  benevolence, 
nor  as  to  the  remote  and  real  effects  of  such  action.  It  seems  to 
have  been  thus  far  assumed  that  no  discrimination  need  be  made. 
The  exhortations  to  charity  and  benevolence  never  specify  the  ob- 
jects minutely,  while  in  fact,  this  should  be  the  all-important  feat- 
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are.  In  seeming  prohibition  to  any  suggestion  of  discrimination 
we  are  told  that  benevolence  shonld  be  universal  because  the  Cre- 
ator ^'  maketh  His  sun  to  rise  upon  the  evil  and  upon  the  good, 
and  sendeth  rain  upon  the  Just  and  upon  the  unjust."  Now  in  the 
case  of  sunshine  and  rarn  it  would  be  physically  impossible  to  dis- 
criminate. It  should  also  be  remembered  that  the  same  Creator 
for  the  same  reason  sendeth  the  lightning  and  the  earthquake  to 
destroy  both  the  just  and  the  unjust.  But,  what  is  more  to  the 
present  purpose,  he  starves  to  death  those  who  in  summer  fail  to 
lay  by  a  supply  of  food  for  the  winter ;  He  smites  with  disease 
those  who  are  too  lazy  to  cultivate  cleanliness ;  and  He  visits  the 
iniquities  of  fathers  upon  thoughtless  ciiWdren  to  the  third  and  fourth 
generation.  Here  is  a  lesson  in  discrimination  of  cause  and  effect 
not  to  be  overshadowed  by  a  few  platitudes  about  rain. 

THE   ECONOMIC   PHASES   OF  THE   8UBJR0T. 

But  we  must  turn  to  consider  the  economic  effects  of  altruism  by 
means  of  which  we  are  to  distinguish  justifiable  altruism  from  un- 
justifiable altruism.  So  much  of  description  has  been  necessitated 
by  the  newness  of  the  subject,  and  even  now  it  is  to  be  feared  that 
those  who  have  never  discriminated  as  to  doing  good  to  others, 
except  as  regards  the  purity  of  motive  in  the  doer,  will  feel  more 
concerned  about  the  integrity  of  the  precepts  that  have  been  dis- 
sected than  about  the  analysis  of  truth.  Be  that  as  it  may,  and  it 
would  be  a  matter  of  regret  to  offend  the  ancient  prejudices  of  any, 
it  is  to  be  hoped  that  the  economic  remarks  to  follow  will  but  sub- 
stantiate and  illustrate  the  principles  already  laid  down. 

Now  that  we  have  reached  the  study  of  social,  political  and  eco- 
nomic science,  we  are  called  upon  to  analyze  the  subject,  to  define 
our  terms  carefully,  to  be  sure  that  we  build  our  sciences  on  facts, 
and  to  state  our  conclusions  clearly.  And  our  conclusions  are 
roost  hopeful.  They  are  that  in  doing  real  and  not  seeming  good 
to  ourselves  we  also  benefit  the  race ;  that  in  doing  good  to  others 
it  is  not  necessary  nor  wise  that  we  inflict  sore  deprivation  or- in- 
dignity upon  ourselves ;  that  thrift  and  wisdom  consist  in  taking  a 
reasonable  thought  for  the  morrow ;  and  that  in  nothing  so  much 
should  we  take  anxious  thought  for  the  morrow  as  when  appealed 
to  for  alms  or  to  assist  the  needy. 

Better  that  they  suffer  hunger  to-day  and  be  made  self-respect- 
ing and 'self-supporting  to-morrow,  than  that  they  be  fed  to-day 
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and  then  be  forgotten  to-morrow.  We  best  help  others  by  secar- 
ing  them  full  justice  and  by  refraining  from  injuring  them  either 
through  malice  or  through  giving  them  that  for  which  they  return 
no  equivalent. 

I.      RELIEF  OF  THE  POOR. 

This  class  does  not  include  the  sick,  the  dependent  children  nor 
the  insane,  but  simply  those  who  are  more  or  less  of  the  time  idle, 
who  receive  but  small  wages  when  they  work,  and  who  ask,  or  do 
not  ask  but  seem  to  need,  financial  assistance. 

So  many  have  been  willing  to  lend  to  the  Lord  (t.  e.,  give  to  the 
poor)  believing  that  it  was  a  safe  and  dividend-paying  investment, 
that  for  eighteen  hundred  years  this  has  been  the  usual  mode  of 
relief. 

Everybody  knows  that  this  has  not  diminished  the  number.  It 
was  very  unfortunately  said  eighteen  hundred  years  ago,  *'  the  poor 
we  have  always  with  us,"  because  the  sa3'ing  of  it  has  helped  to 
make  it  true.  Assuming  that  we  are  to  have  the  poor  always  with 
ns,  we  shall  do  little  to  lessen  their  number.  Had  it  been  said 
upon  the  same  authority  '^  under  the  beneficent  sway  of  wisdom 
the  poor  shall  cease  to  exist  among  you,"  as  it  was  said  '*  the  wolf 
and  the  lamb  shall  lie  down  together,"  by  this  time  we  shonld  have 
been  far  nearer  the  realization. 

Early  Athens — pagan  Athens,  if  you  choose,  could  boast  of  hav- 
ing no  citizen  in  want,  '^nor"  says  the  Grecian  historian  ^'did  any 
disgrace  the  nation  by  begging."  This  should  have  been  our  motto. 
With  all  the  resources  of  this  nation,  its  realization  would  have 
been  easy  had  the  proper  course  been  pursued.  In  such  a  coun- 
try as  ours  it  is  not  necessary,  but  it  is  a  shame  and  disgrace  to 
have  the  the  poor  always  with  us, — that  is,  poverty  which  needs 
relief.  In  the  presence  of  millionaires,  men  owning  but  a  single 
cottage  are  poor  by  comparison.  We  ought  always  to  have  such 
poor  among  us  but  these  are  self-respecting  and  happy  men.  They 
must  never  be  confounded  with  those  who  through  defective  char- 
acter sometimes  require  food,  coal  or  shelter  to  be  provided  for 
them.    The  latter  are  intended  when  allusion  is  made  to  the  poor. 

Now,  if  anything  of  social  and  economic  value  has  been  demon- 
strated in  this  century,  it  is  that  giving  food,  coal  and  money  to  the 
poor  from  public  funds  or  even  by  private  charities  pauperizes  and 
degrades  them.    Henry  George  says  that  ''the  poor  are*  growing 
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poorer."  If  so,  to  DOthiDg  is  it  more  attributable  than  to  the  mul- 
tiplication of  charities.  ^^  A  city  of  charities  and  a  city  of  paupers" 
is  the  designation  of  one  of  our  eastern  municipalities. 

CAUSE    OF    PAUPERISM. 

How  charity  becomes  the  cause  of  pauperism  may  easily  be  un- 
derstood. The  problem  has  been  well  worked  out  especially  in 
England.  Henry  Fawcett,  professor  of  political  economy  in  the 
University  of  Cambridge,  in  '^Pauperism  :  its  causes  and  remedies," 
published  1871,  says :  ^'those  get  the  largest  share  of  charity — not 
who  suffer  most — but  who  can  excite  the  greatest  sympathy. 
Hence  securing  charity  becomes  an  art;  begging,  a  profession. 
Hypocrisy  and  lies  are  the  principal  tools.  Those  who  acquire 
skill  in  it  frequently  obtain  greater  incomes  than  those  who  labor." 

A  case  in  Washington,  D.  C,  illustrates  this.^  In  August, 
1885,  a  boy  of  about  fourteen  years  was  found  regularly  begging  on 
Pennsylvania  avenue.  His  mother,  healthy  and  reasonably  intel- 
ligent, lived  in  a  neat  house  on  a  pretty  street  within  three  blocks 
of  the  capitol.  There  was  no  sign  of  poverty  nor  of  distress  about 
the  house,  inside  or  out.  The  boy  had  during  the  sessions  of  Con- 
gress sold  papers  at  the  capitol  reaping  a  rich  harvest.  He  limped 
about  with  a  crutch.  People  gave  him  five,  ten,  or  twenty-five 
cents  for  a  paper  and  asked  no  change.  When  Congress  adjourned 
he  could  still  have  supported  himself  well  by  selling  papers  on 
Pennsylvania  avenue ;  but  people  there  did  not  pay  over  five  cents 
for  papers  as  a  rule.  Still  they  did  give  to  beggars,  especially  to 
those  with  crutches.  It  easily  appeared  that  the  boy  could  make 
more  money  by  begging  than  by  selling  papers  and  so  he  begged. 
Even  after  he  had  been  taken  into  police  court  twice  he  returned 
to  the  street  to  beg.  It  was  only  with  great  difiSculty  that  the 
writer  succeeded  in  stopping  this  imposition  upon  the  public, — the 
sweet,  confiding  public  which  is  ever  seeking  to  give  to  strangers 
because  ^^some  have  thereby  entertained  angels  unawares."  Yes, 
a  public  which  is  too  lazy  to  investigate  the  effects  of  its  alms-giv- 
ing and  which  deserves  to  be  imposed  upon. 

Now  let  no  one  express  horror  at  the  character  disclosed  in  this 
child  or  rather  in  his  mother  who  was  the  real  actor.  She  was  no 
better  and  no  worse  than  the  average  citizen.     She  simply  exer- 

1 1  mado  the  Inyestigation  of  it  in  person  and  prosecuted  it  in  the  police  court  before 
Judge  W.  B.  SneU. 
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cised  business  sagacity  in  getting  money  apart  from  moral  consid- 
erations. So  do  Wall  street  brokers  ;  so  do  many  men  who  endow 
colleges,  build  churches  and  send  missionaries  to  ^^  the  heathen." 

THE   CURE   OF  BBGOINO. 

The  solution  of  this  economic  problem  is  of  the  simplest.  Make 
begging  unprofitable  and  we  never  need  lecture  beggars  about  their 
loss  of  self-respect.  When  the  getting  of  something  for  nothing 
becomes  impossible,  and  never  till  then,  will  men  cease  to  endeavor 
to  get  something  for  nothing.  When  you  and  every  one  of  yon 
completely  discontinue  giving  alms  except  to  those  whose  circum- 
stances are  perfectly  understood,  self-respect  and  other  moral  qual- 
ties  will  develop  in  those  people  without  even  a  word  being  said 
to  them  upon  that  point.  In  giving  to  them  you  degrade  society 
far  more  than  they  degrade  it  by  asking.  This  kind  of  altruism 
is  a  curse  in  the  world.  Fawcett  said  of  it: — ^^England  was 
brought  nearer  the  brink  of  ruin  by  the  old  poor  law  than  she  ever 
was  by  a  hostile  army."  Meanwhile  we  should  be  self-respecting 
enough  to  admit  that  tramps  and  beggars  are  not  very  different 
from  many  "respectable"  people  after  all. 

IMYESTIGATIONS  IN  OBEAT  BRITAIN. 

Those  who  are  interested  to  examine  the  economic  results  of 
giving  to  the  poor,  in  England,  Scotland  and  Ireland,  will  find  plenty 
of  books  on  the  subject.  The  Encyclopaedia  Britannica  contains  a 
good  article  under  the  heading  "  poor  law."  See  also  other  ency- 
clopaedias. 

The  Scotch  are  proverbially  thrifty  and  economical  and  yet  they 
have  been  degraded  by  the  poor  law  of  1845.  In  some  parts  of 
Scotland  there  is  ten  times  the  poverty  there  is  in  Ireland.  That 
law  gives  more  relief  than  England's  and  the  money  is  regarded 
as  a  nice  gift.  Those  who  had  savings  in  banks  transferred  them 
to  others.  Careful  investigation  and  even  the  labor  test  did  not 
quell  the  applications  in  any  such  manner  as  did  the  Irish  work- 
house. Matters  came  to  such  a  pass  that  the  fishermen  of  Wick 
could  not  get  their  nets  mended,  their  former  assistants  saying 
they  could  get  a  living  easier  from  the  parish. 

In  Ireland  there  is  very  little  out-door  relief,  the  proportion  of 
Scotland  being  almost  reversed  —  five  in-door  to  one  out-door  pau- 
per.   In  spite  of  Ireland's  unjust  land  system  and  high  rents  the 
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whole  number  of  her  paupers  does  not  amount  to  one-half  those  of 
London  alone.  The  Irish  will  submit  to  every  privation  rather 
than  let  friends  go  to  the  workhouse,  which  is  the  legal  mode  of 
relief  and  is  not  a  chanty. 

In  London  many  people  get  relief  who  could  do  without  it  and 
consider  it  no  disgrace.  Industry,  economy,  temperance  and  self- 
restraint  would  enable  most  of  them  to  take  care  of  themselves  if 
they  would.  Hence  the  work-house  is  a  necessary  restraint,  being 
uncomfortable  or  even  disgraceful.  They  therefore  shun  it.  If  they 
may  eat  without  work  in  some  other  way,  they  will ;  if  not,  many 
of  them  will  work.  Why  are  these  people  in  such  condition  ?  It  is 
a  duty  we  owe  to  society  to  ascertain  what  are  their  thoughts, 
what  the  motives  that  have  led  them  to  such  lives.  If  the  result 
is  that  the  vices  and  injustices  and  prodigality  of  the  rich  have  in 
part  induced  such  results,  let  it  be  exposed  boldly  and  fearlessly. 
If  injustice  in  the  wage  system  and  in  land  tenure  is  the  cause  in 
part,  let  this  also  be  proclaimed. 

INVESTIGATIONS    IN  THE  UNITED  STATES. 

You  will,  however,  be  more  interested  in  some  figures  from  our 
own  experience.  The  Hon.  Seth  Low,  ex-mayor  of  Brooklyn,  N.  Y., 
presented  a  paper  in  1881  at  the  eighth  national  conference  of  char- 
ities and  corrections  in  Boston  which  Robert  Treat  Paine  calls  the 
corner-stone  of  relief  reform.  In  it  Mr.  Low  sums  up  his  opinion 
of  the  world's  experience  in  giving  alms  (technically  called  out- 
door relief.)     Of  the  supposed  beneficiaries  he  says : — 

1.  That  it  saps  their  habits  of  industry. 

2.  That  it  discourages  habits  of  frugality. 

3.  That  it  encourages  improvident  and  wretched  marriages. 

4.  That  it  produces  discontent. 

His  own  conclusion  as  to  what  he  had  himself  seen  was  '^  that 
out-door  relief  in  the  United  States  as  elsewhere  tends  inevitably 
and  surely  to  increase  pauperism."  Here  are  some  of  his  statistics : 

In  Brooklyn,  during  1877,  46,350  people  were  relieved  at  a  cost 
of  $141,207.  In  1878  no  money  was  given.  This  immense  num- 
ber of  people  which  had  received  aid  were  left  to  take  care  of  them- 
selves or  to  go  to  almshouse  or  to  hospital.  What  effect  on  these 
institutions  did  refusing  to  give  to  46,350  people  have?  In  1877 
and  1878  these  institutions  contained  1,371  people;  in  1879,  1,389 
people;  in  1880,  1,199,  and  in  1881  only  1,171.    What  became  of 
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the  people  that  had  received  the  $141,207,  in  a  single  year?  Mr. 
Seth  Low  says :  '^  instead  of  Brooklyn  needing  as  the  result  of  the 
abolition  of  out-door  relief  an  almshouse  of  mammoth  proportions, 
we  find  at  the  end  of  three  years  an  almost  imperceptible  increase 
of  sick  paupers,  but  a  steady  diminution  of  well  paupers ;  and  this, 
too,  in  the  face  of  a  population  in  the  county  growing  at  the  rate 
of  18,000  per  annum."  At  about  the  same  time  similar  action  was 
taken  in  Philadelphia  with  like  results.  Cleveland's  out-door  relief 
account  for  six  years  was  as  follows : — 

1875  to  4,590  families  $95,000. 


1876 

8,094 

u 

$85,000. 

1877 

2,886 

i( 

$70,000. 

1878 

1,568 

(4 

$82,800. 

1879 

1,550 

(( 

$22,600. 

1880 

1,200 

(( 

$17,000. 

In  March,  1877,  was  begun  a  system  of  requiring  an  equivalent 
for  the  relief  furnished.  Work  at  $1.00  per  day  was  provided  every 
man  who  being  able-bodied  applied  for  assistance.  The  officials 
were  thoroughly  convinced  that  pauperism  had  been  fostered  and 
increased  by  the  old  system. 

Cincinnati  pursued  the  same  course  with  good  results,  except 
that  it  issued  during  ten  winter  weeks  coal  by  the  bushel ;  but 
even  that  was  improvident  and  demoralizing.  People  who  know 
a  city  issued  coal  last  winter  will  count  on  getting  it  this  winter 
and  will  take  no  other  thought  on  the  subject. 

Now  we  know,  by  experiment,  that  the  wise  thing  to  do  is  to 
visit  all  such  people  in  July  and  August  and  induce  tjiem  to  lay 
by  a  few  cents  a  week  for  winter's  coal,  promising  it  to  them  at 
lower  prices.  If  thus  reminded  to  provide  for  winter  they  are  less 
sensible  than  the  squirrel ;  they  must  in  all  fairness  to  themselves 
be  allowed  to  suffer  discomfiture  in  winter  and  be  taught  by  bitter 
experience.  He  who  gives  to  the  poor  under  such  circumstances 
may  be  very  benevolent  at  heart,  but  his  influence  is  worse  than 
that  of  a  miser  who  refrains  from  giving. 

A   PERMISSIBLB   FORM   OF  ALTRUISM. 

What  then  must  we  do?  Fortunately,  our  altruistic  feelings 
may  be  gratified  in  a  manner  not  harmful  to  the  beneficiaries. 
Bobert  Treat  Faine  of  Boston,  who  has  had  large  experience  in 
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treating  the  poor,  prescribes  the  following :  ^'  Whenever  any  fam- 
ily has  fallen  so  low  as  to  need  relief,  send  to  them  at  least  one 
friend, —  a  patient,  true,  sympathizing,  firm  fHend,  to  do  for  them 
all  that  a  friend  can  do  to  discover  and  remove  the  causes  of  their 
dependence,  and  to  help  them  up  into  independent  self-support  and 
self-respect.'*  To  which  it  may  be  added,  if  that  friendly  visitor 
is  permitted  to  give  alms,  his  and  their  minds  are  diverted  from 
the  great  object, —  the  permanent  cure  of  poverty.  It  should  al- 
ways be  regretted  when  circumstances  seem  to  demand  attention 
to  immediate  needs.  Put  off  every  possible  want  till  the  person 
can  himself  supply  it  in  a  manly  and  independent  way.  Better 
a  morsel  with  self-respect  than  plenty  with  an  enfeebled  determi- 
nation to  fight  the  battle  of  life. 

II.   OBPHAN   ASTLITMS. 

Much  that  has  been  said  of  giving  alms  applies  to  the  treatment 
of  delinquent  and  dependent  children.  Moved  by  the  altruistic 
spirit,  and  feeling  an  approving  conscience  as  the  result  of  trying 
to  do  good  to  others,  the  Christian  world  has  taken  up  the  care  of 
orphan  asylums.  Children  are  gathered  from  the  slums  of  cities 
and  sometimes  from  pretty  good  homes  into  these  herding  places. 
Then  they  are  told,  as  I  recently  heard  from  a  reverend  doctor,  how 
grateful  they  should  be  to  Christianity  for  thus  caring  for  them ; 
but  the  fact  again  is  that,  prompted  by  kind  motives,  people  thus  try 
to  do  these  children  good  without  looking  to  the  results  of  their 
acts  to  see  the  consequences. 

EVILS   OF  OBPHAN  ASYLUMS. 

What  then  are  some  of  these  consequences  ? 

1.  That  moral  corruption  brought  in  a  little  by  each  child  leavens 
the  whole  lump. 

2.  That  they  are  often  placed  under  incompetent  teachers  to 
learn  book  lessons,  when  in  fact  their  capacities  call  for  manual 
training  instead.  (Who  ever  knew  a  scholar  reared  in  an  orphan 
asylum  ?) 

d.  They  are  fed  in  the  cheapest  sort  of  a  way  and  clothed  in  a 
uniform  that  causes  them  to  be  pointed  out  always  in  public  as 
objects  of  charity  and  degradation. 

4.  They  are  kept  in  herds  and  not  in  families  and  hence  subject 
to  rules  and  training  necessitated  by  this  abnormal  life.    Often 
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tbey  are  so  unfit  to  live  in  families  that  kind-hearted  people  can- 
not adopt  them. 

5.  Every  delinquent  mother  and  evejy  drunken  father  now  knows 
that  he  and  she  can  indulge  their  vices  and  get  rid  of  their  chil- 
dren. Thousands  of  widowed  mothers  learning  that  they  can 
marry  again  if  not  encumbered  with  children  are  putting  their  lit- 
tle ones  in  asylums.  The  asylum  thus  offers  a  premium  to  child 
desertion.  Rich  people  even  are  living  in  luxury,  while  their 
nephews,  nieces  and  grandchildren  are  being  corrupted  in  orphan 
as3*lums.  The  niece  of  a  president  of  the  United  States  was,  not 
lon'g  ago,  in  an  asylum,  while  her  uncle,  aunt  and  three  cousins, 
occupied  the  White  House.  Such  people  often  give  as  their  excuse 
that  the  child  was  too  vicious,  or  rude,  or  even  homely,  to  be  re- 
ceived into  their  families.     '^  No  one  seemed  to  want  him." 

THE   REMBDT. 

Better  the  humble  home  of  a  poor  farmer  in  the  west,  far 
better  for  such  children  as  are  unavoidably  orphaned,  than  these 
unnatural  corrals.  But  this  kind  of  orphans  constitutes  not  over 
one-fifbh  of  all.  The  other  four-fiflhs  represent  indulgence  by 
the  asylum  founders  and  managers,  towards  parents  and  relatives 
who  wish  to  shirk  responsibilities  imposed  by  nature  upon  them. 
With  every  such  indulgence  issues  moral  miasma  upon  society 
which  festers  and  reproduces  its  kind.  And  all  this  time  people 
with  good  motives  and  benevolent  spirits  thank  God  they  are  not 
as  other  men  are  and  proceed  to  build  additional  asylums.  Better 
and  far  better  live  and  die  among  the  Zuni  Indians  of  New  Mex- 
ico, having  never  heard  of  Christian  charity,  than  to  die  and 
leave  your  orphan  child  alone  in  a  large  city  of  the  United  States. 
In  the  latter  case  he  goes  to  an  asylum  to  be  swallowed  up  in  the 
masses.  In  the  former  case,  although  he  has  lost  his  own  father 
and  mother,  he  has  found  many  fathers  and  many  mothers  all  of 
whom  will  feel  a  personal  interest  in  him  and  responsibility  for  him, 
and  who  will  share  with  him  if  need  be  the  last  pot  of  corn,  and 
will  weep  over  his  grave  as  if  it  contained  their  own  flesh  and  blood. 
We  should  need  no  orphan  asylums  if  we  possessed  the  virtues  of 
the  Zuni. 

How  to  set  forth  the  economic  effects  of  such  institutions,  and 
to  point  out  to  society  the  way  to  make  its  members  rear  the  chil- 
dren to  whom  they  have  given  birth,  and  to  show  the  disastrous  ef- 
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fects  of  ill-considered  altruism  is  a  task  which  comes  within  the 
province  of  this  section  of  the  A.  A.  A.  S. 

III.      FOUNDUNQ    ASTLUHS. 

Here  again  sentimentalism  has  contributed  money  to  build  asy- 
lums, and  even  more  unwisely  than  in  the  case  of  the  orphans.  An 
orphan  cannot  be  committed  without  something  being  known  of 
its  parents,  or  their  circumstances,  and  without  formal  papers  of 
transfer.  This  routine  exposes  many  frauds  and  leads  managers  to 
reject  thousands  of  applicants  for  admission.  Managers  like  to 
boast  of  the  cases  they  have  rejected.  With  foundlings  nothing 
of  the  sort  occurs.  The  girl  whose  yieldings  to  temptation  have 
made  her  a  mother,  be  she  in  high  life  or  in  low,  the  intemperate 
who  prefer  to  use  their  means  for  drink  to  rearing  their  own  off- 
spring, the  society  people  who  have  boasted  that  there  will  be  no 
children  in  their  families— one  and  all — have  but  to  leave  their 
offspring  as  naked  as  little  Moses  was  when  deposited  at  the  Nile, 
either  in  a  vacant  lot  or  upon  some  handy  doorstep.  Under  cover 
of  darkness  all  is  secret.  Either  a  policeman,  or  the  irate  citizen 
whose  doorstep  has  been  invaded,  quickly  and  safely  transfers  the 
waif  to  an  asylum.  The  reminders  of  sin  and  folly  as  well  as  the 
burdens  of  the  parents  have  thus  been  put  far  away.  Were  so- 
ciety organized  to  encourage  this  very  business  it  were  impossible 
to  arrange  it  more  satisfactorily.  But  eternal  shame  should  rest 
upon  the  weak-minded,  benevolent  people  who  by  their  ill-advised 
altruism  cultivate  such  degradation  In  society.  One-tenth  of  the 
money  spent  in  detecting  and  punishing  thfsse  parents  for  their 
unnatural  crimes  would  teach  society  the  needed  lesson.  More 
pains  than  we  take  to  catch  a  murderer  should  be  spent  upon  de- 
tecting these  criminals.  Every  foundling  asylum  in  America  should 
be  instantly  disorganized. 

IT.      INSANE  ASYLUMS. 

Upon  this  kind  of  altruistic  effort,  also  a  boast  of  the  age,  there 
are  not  sufficient  data  to  warrant  so  severe  denunciation.  It  is 
proper,  however,  to  call  attention  to  some  suspicious  circumstances. 

1.  The  collecting  and  imprisoning  of  great  masses  of  such  peo- 
.  pie  is  unnatural  and  the  best  authorities  advocate  breaking  up  the 
system  by  substituting  homes  and  separate  buildings. 
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2.  To  the  non-medical  observer  it  is  surprising,  that  while  rapid 
progress  is  being  made  in  treating  many  forms  of  disease  such  as 
are  caused  by  minute  germs,  so  little  knowledge  is  being  obtained 
concerning  the  nature,  causes  and  cure  of  insanity.  With  many 
phj'sicians,  supported  by  the  state  in  a  liberal  manner,  why  are  they 
not  bringing  forth  fruit  in  this  direction  ?  It  is  said  to  be  because 
incapable  men  get  places  through  intrigues  and  because  so  much 
time  is  spent  in  routine  work. 

8.  The  number  of  the  insane  is  on  the  increase.  Some  of  the 
immediate  causes  are  understood.  Is  it  not  certainly  of  the  utmost 
importance  that  facts  bearing  on  these  points  be  circulated  and 
that  great  effbrt  be  made  to  check  insanity  by  rooting  out  of  society 
the  immediate  and  ultimate  causes. 

The  altruistic  work  suggested  by  these  questions  can  have  no 
unjustifiable  effects.  That  which  has  been  performed  is  more  ques- 
tionable as  implied  by  the  changes  proposed  and  upon  further  ex- 
amination may  prove  more  unjustifiable.  In  any  event  it  is  plain 
that  doing  good  to  those  now  insane  may  not  be  of  half  the  impor- 
tance that  it  is  to  find  means  of  preventing  insanity  in  the  future. 

V.   BENEVOLENCE  IN  HIGHER  EDUCATION. 

It  used  to  be  a  practice  to  give  not  only  tuition  but  even  board 
and  clothes  to  young  men  studying  theology.  It  was  considered 
that  they  were  preparing  to  lead  lives  devoted  to  altruistic  work 
and  that  it  was  therefore  desirable,  in  the  case  of  young  men  ap- 
parently without  means,  to  pay  their  expenses  in  theological  schools, 
but  it  worked  so  badly  that  the  plan  is  undergoing  change.  In  the 
best  schools  where  funds  are  provided,  they  are  now  loaned  and  a 
written  obligation  to  repay  is  executed.  In  other  words  the  man- 
agers of  schools  of  divinity  found  out  that  to  give  to  the  poor  theo- 
logical student  was  to  lend  to  the  devil, —  a  very  different  creditor 
ftom  the  one  they  had  in  mind.  It  was  found  that  this  money  got 
used  at  times  for  tobacco,  for  pleasure  trips,  etc.,  while  board  bills 
were  unpaid,  and  that'  after  it  was  spent  the  beneficiaries  some- 
times abandoned  the  life-work  they  had  contemplated.^  But  even 
the  loan  system  is  not  working  satisfactorily.     The  written  obli- 

>  There  has  been  in  goyernment  employ  In  Washington,  the  past  eight  years,  a  yonng 
man  who  received  such  aid  for  two  years  preyioady.  He  now  owns  real  estate  in 
Washington,  bnt  he  neyer  preaches. 


ADDRBS8   BT   CHARLES   W.    SMILET.  851 

gation  is  often  lightly  esteemed  and  held  to  be  not  binding.  The 
writer's  latest  information  is  that  but  thirty  per  cent,  is  paid  back. 
Only  when  the  notes  are  looked  after,  as  a  successful  banker  looks 
after  his  paper,  will  the  system  become  truly  beneficent.  It  will 
then  have  ceased  to  be  a  charity.  Again  let  it  be  said,  do  not  give 
something  for  nothing^  but  if  you  really  must  do  so,  then  put  it  in- 
to a  lottery. 

YI.    GIFTS  TO  WORKINOMEN. 

There  is  reserved  for  the  last  a  notice  of  the  most  contemptible 
form  of  altruism  now  known  to  civilization.  It  has  come  to  be  the 
fashion  for  people  who  have  acquired  money  without  giving  an 
equivalent  in  labor  and  who  wish  to  indulge  in  benevolence,  to 
build  mission  chapels  in  outskirts  of  cities,  and  to  furnish  them 
with  cheap  appliances  in  order  to  '^save  tlie  souls"  of  the  dear  work- 
ing classes.  Another  form  this  takes  is  in  furnishing  workingmen 
libraries  and  reading-rooms,  and  even  in  building  improved  tene- 
ment houses.  In  a  score  of  ways  the  rich  are  ^^  doing  something 
for  the  poor."  Now  all  these  things  have  the  same  surface  appear- 
ance of  charity  as  throwing  a  dime  to  a  beggar.  But  the  fact  is 
that  these  people  have  by  class  legislation  or  dishonesty  gotten  . 
possession  of  wealth  created  by  the  poor,  and  in  order  to  quiet  their 
little  consciences,  or  occasionally  in  order  to  enable  them  to  keep 
up  the  fraud,  they  dispense  these  charities. 

Now  let  it  be  reported  to  all  such  that  the  workingmen  need 
none  of  their  charities.  They  cry  out  for  justice,  for  fair  wages 
for  a  day's  work,  for  reasonable  rents,  for  a  chance  to  buy  house 
lots  which  speculators  have  not  pushed  beyond  honest  men's  reach, 
—  in  short  for  such  a  reorganization  of  legislation  and  custom  as 
will  enable  them  to  labor  and  to  administer  upon  the  entire  fruits 
of  their  labor,  to  build  and  furnish  their  own  chapels  if  they  choose, 
to  establish  their  own  libraries  and  reading-rooms,  to  build  their 
own  tenement  houses  and  to  scorn  charily  as  they  now  have  good 
reason  to  scorn  such  dispensers  of  charity. 


CONCLUSION. 

The  basing  of  all  so-called  charitable  and  benevolent  work  up- 
on such  principles  as  have  been  indicated,  or  rather  the  substitu- 
tion of  right-seeking  and  right-doing  (which  is  but  the  simple  prac- 
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tice  of  Justice)  will  require  earnest  study  and  a  great  change  in 
our  spirit  and  methods.  Those  who  in  preceding  years  have  here 
listened  to  outlines  of  work  adapted  for  this  section  as  presented 
by  Professor  Elliott  and  Major  Alvord  should  notice  that  the  bounds 
will  be  much  enlarged  if  we  seek  to  solve  the  problems  which  shall 
enable  us  to  make  our  altruism  economically  beneficial.  This  cer- 
tainly should  be  the  case.  That  we  should  pretend  to  be  doing 
good  to  all  men  and  yet  be  deceiving  both  ourselves  and  them, 
while  really  doing  harm  to  both,  needs  only  to  be  demonstrated  to 
secure  our  condemnation.  And  giving  alms  to  show  even  to 
ourselves  our  good  motives  or  in  order  to  indulge  our  benevolent 
impulses  is  certainty  the  most  deceitful  form  of  selfishness,  since 
it  appears  in  the  form  of  altruism,  is  evil  and  only  evil. 


PAPERS  READ. 


The  USB  and  abuse  of  statistics.    By  Edward  Atkinson,  Boston, 
Mass. 

[ABSTBACT.] 

I  CAN  cite  no  more  true  example  of  the  nse  of  statistics  than  the  admit- 
ted necessity  on  the  part  of  every  merchant  and  manufacturer  to  keep  a  set 
of  Books  of  Account  in  which  the  statistics  of  his  business  are  registered 
day  by  day.  In  the  course  of  a  business  life  now  covering  more  than  foniy 
years  I  have  known  more  failures  In  business  growing  out  of  the  neglect  of 
the  use  of  statistics  In  this  manner :  i.  e.,  more  failures  arising  from  want  of 
knowledge  on  the  part  of  the  merchant  or  manufacturer  of  the  actual  fig- 
ures of  his  business  than  trom  any  other  single  cause^  and  perhaps  more 
Arom  this  cause  than  from  all  other  causes  of  failure  put  together.  Yet 
the  merchant  or  manufacturer,  who  attempts  to  govern  his  affairs  and  to 
guide  his  business  merely  by  the  application  of  statistics  without  applying 
his  own  Judgment  in  determining  what  the  figures  mean,  is  sure  to  fail — 
whether  these  statistics  are  recorded  on  his  Books  of  Account  or  are  the 
mere  statistics  of  the  trade  In  which  he  has  been  engaged. 

Whenever  a  man  is  wholly  guided  In  the  purchase  of  materials  by  the  sta- 
tistics of  the  crop,  say,  of  cotton,  and  pays  no  regard  to  other  conditions 
he  may  make  a  profit  for  one,  two  or  three  years,  but  he  Is  sure  to  come 
to  grief  sooner  or  later.  This  has  been  the  common  observation  of  all 
who  have  watched  the  figures  of  the  cotton  crop  and  the  course  of  prices 
together  for  any  long  term  of  years.  These  are  commonplace  examples  of 
the  nse  and  abuse  of  statistics. 

I  win  limit  the  short  treatise  which  I  present  to-day  mainly  to  some  ex- 
amples of  the  abuse  of  statistics  of  a  more  general  kind. 

The  most  conspicuous  example  of  this  abuse  Is  to  be  found  In  the  cus- 
tomary reasoning  which  Is  based  wholly  upon  compilations  of  the  rates  of 
wages  which  are  said  to  be  paid  In  this  and  In  other  countries.  The  greater 
the  truth  of  these  comparisons  the  greater  may  be  the  falsehood  In  the  de- 
ductions which  are  made  from  them.  The  rates  of  wages  In  all  the  prin- 
cipal branches  of  manufacture,  In  the  mechanic  arts  and  in  agriculture,  are 
unquestionably  very  much  higher  in  this  country  than  In  any  other,  with 
the  possible  exception  of  Australia  and  New  Zealand ;  they  are  decidedly 
higher  than  In  Great  Britain,  but  the  rates  of  wages  In  Great  Britain  are 
also  higher  than  they  are  In  Ireland,  two  parts  of  the  same  kingdom,  gov- 
erned under  substantially  the  same  laws,  taxed  under  substantially  the 
same  system,  and  subject  to  absolutely  the  same  system  of  duties  on  for- 
eign Imports. 

It  Is  curious  to  observe  that  when  the  union  of  Ireland  was  pending,  the 
manufacturers  of  Lancashire  and  Yorkshire  presented  urgent  petitions 
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against  such  anion,  upon  the  ground  that  If  the  two  parts  of  the  kingdom 
were  brought  under  the  same  tariff  the  manufacturers  of  England  would 
be  ruined  by  the  cheap  labor  of  Ireland  and  would  be  obliged  to  let  the  cap- 
ital Invested  In  Lancashire  and  Yorkshire  go  to  waste  and  to  construct  new 
mills  in  Ireland  in  order  to  avail  themselves  of  low-priced  labor  which  they 
then  conceived  to  be  cheap  labor.  There  can  be  no  greater  fallacy  than 
the  conception  that  low-priced  labor  Is  the  same  as  cheap  labor ;  {.  e.,  labor 
that  can  be  made  use  of  at  low  cost. 

Again,  In  passing  from  Great  Biitaln  to  the  Continent, — the  rates  of 
wages  are  lower  In  France  than  In  England ;  In  Belgium  than  In  France ; 
In  Germany  than  In  Belgium ;  In  Italy  than  In  Germany ;  In  Austria  than  In 
Italy ;  in  Russia  than  in  Austria;  and  If  we  pass  on  to  Asia,  lower  In  China 
and  India  than  In  Russia.  What  more  profound  abuse  of  statistics  could 
there  be  than  In  deducing  the  relative  cost  of  production  by  a  comparison 
of  the  rates  of  wages,  which  thus  vary  even  In  different  parts  of  the  same 
kingdom  as  well  as  In  different  countries. 

Again,  the  rates  of  wages  In  the  several  states  of  this  country  vary  great- 
ly, although  not  as  much  as  they  do  In  Europe ;  yet  If  one  were  to  attempt 
to  get  at  the  cost  of  any  branch  of  work  by  the  rate  of  wages,  he  would 
find  that  the  lowest  cost  of  production  of  any  given  article  would  not  be 
found  where  the  rates  of  wages  were  lowest,  but  rather  where  the  rates 
of  wages  were  highest.  This  leads  to  the  consideration  of  the  source  of 
wages. 

The  old  conception  of  wages  being  derived  fVom  a  ftind  of  capital  pre- 
viously accumulated  has  been  substantially  given  up  and  the  wage-Aiud 
theory,  which  even  as  late  as  the  earlier  writings  of  Mill  had  been  fhlly  ac- 
cepted by  economists,  has  been  proved  to  be  without  any  substantial  foun- 
dation In  fact. 

In  place  of  this  false  theory  which  has  worked  a  vast  deal  of  mischief, 
it  Is  now  generally  conceded  that  wages  are  derived  from  the  product  on 
which  the  work  has  been  exerted.  Hence  It  follows  of  necessity  that  where 
the  conditions  are  most  favorable,  i.  e,,  climate,  soil,  relative*  humidity, 
proximity  to  the  material  of  chief  value ;  or  where  there  is  a  population 
bred  to  the  necessary  conditions  of  the  work  possessing  an  Inherited  apti- 
tude for  the  specific  occupation ;  or  where  the  burden  of  local  taxation  is 
least,—  there  certain  kinds  of  industry  will  become  established  under  the 
best  and  most  favorable  conditions. 

This  product  being  brought  into  the  market  is  sold  at  the  same  price  as 
that  which  is  produced  under  less  favorable  conditions ;  hence  when  the 
return  Is  made  which  is  to  be  distributed  In  money,  as  profits  and  wages, 
the  less  number  of  persons  who  have  been  required  to  do  the  work  under 
the  most  favorable  conditions  receive  a  larger  share,  <.  e.,  a  larger  rate  oi 
wages  or  earnings  than  those  who  have  been  occupied  In  the  same  art  un- 
der the  least  favorable  conditions.  Hence  It  follows  that  aptitude,  skill, 
capacity,  good  public  credit,  favorable  conditions,  good  soil,  good  climate 
and  the  like,  yet  more  a  suitable  education,  tend  to  the  production  of  all 
goods  and  wares  at  the  lowest  cost  measured  In  terms  of  labor  and  also  at 
the  highest  rates  of  wages  measured  In  terms  of  money. 
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If  then,  it  Is  trae  that  the  people  of  the  United  States  possess  the  widest 
area  of  fertile  soil,  the  greatest  variety  of  favorable  conditions  in  respect 
to  climate,  the  largest  supply  of  ores,  coal  and  timber,  the  best  schools, 
the  lightest  taxation,  the  greatest  fk'eedom  in  interstate  commerce  and>ser- 
vice, — it  must  of  necessity  follow  that  with  the  exception  of  a  few  tropical 
products  or  a  few  branches  of  industry,  like  the  preparation  of  tea  which  i» 
absolutely  a  handicraft,  or  the  preparation  of  raw  silk  which  in  the  reeling: 
is  also  absolutely  a  handicraft, — the  people  of  the  United  Btates  will  pro- 
duce the  largest  product  at  the  lowest  cost  and  will  therefore  secure  the 
highest  rates  of  wages  or  earnings ;  such  is  proved  to  be  the  fact  by  sta- 
tistics which  cannot  be  gainsaid. 

The  working  of  these  laws  may  be  to  some  extent  retarded  or  obstructed 
by  legislation ;  one  of  the  worst  cases  of  iujurlous  or  obstructive  legisla- 
tion is  the  substitution  of  Jlat  money  such  as  Government  notes  or  other 
forms  of  inconvertible  paper,  in  place  of  true  coined  money  made  of  metal 
which  carries  its  own  value  in  its  own  substance.  There  can  be  no  better 
examples  of  the  possible  abuse  of  statistics  than  an  exhibit  of  the  relative 
conditions  of  prices,  wages.and  volume  of  money  in  circulation  for  the  last 
twenty -five  years,  which  taken  separately  wholly  mislead  the  compiler. 

I  have  taken  from  the  Census  Volume  No.  xx  the  statistics  of  wages  of 
all  the  mechanics,  engineers,  carpenters,  machinists  and  painters  which 
are  given  separately  In  all  the  returns  of  specific  establishments  contained 
in  that  volume.  They  constitute  a  class  whose  earnings  or  wages  at  any 
given  time  are  more  nearly  even  and  more  near  to  the  average  of  all  wages 
than  that  of  any  other  single  class  of  operatives  or  working  people.  They 
have  been  much  misled  by  special  statistics.  For  instance,  in  1860,  refer- 
ence being  made  to  the  Table  which  accompanies  this  treatise,  their  aver- 
age daily  wages  came  to  ^1.56 ;  In  1865  their  average  daily  earnings  came 
to  $2.34.  Their  minds  were  abused.by  these  statistics  and  they  thought  they 
were  better  off;  but  when  we  take  the  price  of  food,  fuel  and  materials  for 
clothing  corresponding  to  the  average  consumption  of  this  class  of  men 
and  their  families,  the  same  quantitl^  of  the  same  kinds  which  could  be 
bought  at  80.95  cents  per  day  in  1860  had  risen  to  55.69  cents  in  1865,  so 
that  a  mechanic  misled  by  his  high  wages  could  yet  buy  with  his  8C0  days' 
work  only  1261  portions  of  this  food,  fuel  and  materials  for  clothing  against 
1572  portions  In  1860;  after  1870  wages  began  to  decline,  but  prices  went 
down  faster ;  after  the  resumption  of  specie  payment  in  1880  the  rate  of 
wages  advanced,  but  the  quality  of  the  money  being  good,  prices  still  con- 
tinued to  decline ;  and  In  1885  and  1886  this  same  set  of  mechanics  earned 
$2.40  a  day  in  gold  with  which  they  could  buy  2400  portions,  or  very  nearly 
double  what  they  could  get  at  substantially  the  same  rate  of  wages  in  1865, 
then  paid  in  depreciated  paper. 

Unless  all  the  qualifying  conditions  are  taken  into  view,  almost  all  statis- 
tics of  wages  are  absolutely  worse  than  useless. 

Again,  much  importance  is  attributed  to  the  quantity  of  money  in  circula- 
tion.   A  few  words  may  be  devoted  to  this  subject. 

According  to  a  compilation  recently  made  by  the  Secretary  of  the  Treas- 
ury, the  quantity  of  all  kinds  of  money  which  was  in  circulation  in  1860  was 
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914.06  per  capita;  in  1865,  after  the  issue  of  the  flat  money,  the  quantity 
was  1^38.96  per  head;  yet,  as  I  have  proved  to  you,  the  condition  of  the 
workman  was  much  worse  at  this  time  than  it  had  been  in  1860  when  the 
quantity  of  money  in  circulation  was  only  $14.06  per  head.  From  1865, 
down  to  the  resumption  of  specie  payment  in  1879,  the  quantity  of  money 
per  capita  steadily  diminished  through  the  withdrawal  or  contraction  of 
the  paper  money.  In  1880,  after  the  resumption  the  quantity  of  all  kinds 
of  money  in  circulation  redeemable  in  coin,  or  in  coin  itself,  was  $24.08  per 
head,  nominally  nearly  $10  less  per  capita  than  in  1865 ;  yet  every  one  pros- 
pered, business  was  active,  the  rate  of  interest  was  low,  the  rates  of  wages 
were  nearly  as  high  as  they  had  been  In  1865,  while  the  purchasing  power 
of  the  money  had  greatly  increased,  as  the  diagram  will  show. 

Since  1880,  there  has  been  a  steady  expansion  of  the  quantity  of  money 
in  circulation.  The  instruments  of  exchange  now  consist  of  gold  coin  or 
certificates  based  thereon ;  silver  coin  or  certificates ;  legal  tender  notes  and 
bank  notes,  all  practically  redeemable  on  a  gold  basis;  the  amount  in  use, 
or  available  for  use,  is  now  $27.25  per  capita;  yet  prices  are  not  as  high  as 
they  were  in  1880,  while  wages  are  higher  and  the  purchasing  power  of 
wages  is  greater  than  ever  before. 

There  are  now,  however,  certain  forces  in  action  which  tend  to  diminish 
the  amount  of  money  per  capita.  The  excess  of  revenue  tends  to  an  ac- 
cumulation of  money  in  the  Treasury  of  the  United  States  and  there  is  a 
fear  lest  there  should  be  an  undue  contraction  of  the  currency.  This  fear 
may  perhaps  be  dispelled  by  a  consideration  of  the  actual  facts. 

The  excess  of  revenue  falls  Into  the  Treasury  either  in  legal-tender  notes 
which,  when  in  the  Treasury,  become  evidence  of  so  much  debt  paid ;  or  else 
the  revenue  comes  in  coin  with  which  these  notes  may  be  redeemed. 
This  accumulation  may  go  on  to  the  extent  of  the  probable  excess  of  rev- 
enue for  one  year  to  come,  to  wit,  $125,000,000.  It  may  all  consist  of  legal- 
tender  notes ;  this  accumulation  will  reduce  the  currency  per  capita  $2.00 
per  head.  Does  it  not  of  necessity  follow  that  there  will  not  be  enough? 
Deduct  $2.00  per  head  f^om  the  amount  now^in  use  or  in  circulation,  to 
wit,  $27.25,  and  the  remainder  $25.25  will  exceed  the  whole  volume  of  cur- 
rency of  1880  which  was  sufficient  to  do  all  the  work  that  was  required  of 
it.  It  might  not  therefore  be  any  misfortune  If  Congress  should  fall  to  re- 
duce the  revenue  and  If  this  accumulation  should  go  on  until  every  legal- 
tender  note  should  either  be  liquidated  by  taxation  or  be  sustained  by  coin, 
dollar  for  dollar,  in  the  Treasury  of  the  United  States. 

To  this  end  all  the  statistics  now  point. 

I  have  thus  brought  before  you  In  a  very  concise  way  the  relation  of  prices, 
wages,  purchasing  power  of  wages,  and  volume  of  money  per  capita  at  in- 
tervals of  five  years  from  1860  to  the  present  time.  You  are  all  witnesses 
to  the  abuse  of  statistics  in  the  separate  comparisons  of  rates  of  wages 
and  prices  of  goods,  on  which  separate  comparisons  many  adverse  conclu- 
sions as  to  the  condition  of  the  country  have  been  based.  Does  not  the 
true  use  of  these  statistics  wholly  consist  In  grouping  them  together,  as- 
certaining their  relation  each  to  the  other  and  then  deducing  trom  these 
facts  such  conclusions  as  they  may  indicate?    In  other  words,  may  it  not 
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be  held  that  unless  statistics  are  made  use  of  as  a  basis  of  economic  rea- 
soning by  persons  competently  trained,  they  become  a  mere  snare  and  pit- 
fall, working  more  harm  than  good  through  the  false  deductions  that  may 
be  made  from  them,  while,  on  the  other  hand,  the  economist  who  attempts 
to  reason  on  the  conditions  of  men  in  their  relation  to  each  other,  without 
regard  to  the  statistics  of  prices,  wages,  volume  of  currency  and  other 
elements  by  which  the  exchange  of  services  is  controlled  or  measured,  will 
of  necessity  be  a  mere  theorist  whose  unsustained  hypotheses  may  or  may 
not  come  near  the  mark? 


Relation  of  Waqbs—Pbigbs— Purchasing  Power  of  Wages  and  Yoluhb  per 
Capita  of  Monet  or  Currency  in  circulation  at  the  Bespective  dates 

GIVEN. 


188&M 


Ratp.of  Waeea  per  daj. 


Price  of  one  daya  wapfij 
of  food,  fnel  and  cloth. 


Pnrehaaliiv  power  of  800 
days  waves  in  portions  of. 
food,  fael.and.oloth. 


Honey  or  Corrency  In 
drcnlation'per  Oaplt*.- 


188M8 


Diagram  No.  1. 

No.  1.  Average  wages  of  mectianics,  such  as  engineers,  carpenters,  machinists,  and 
painters,  connected  with  the  mills  and  works  treated  in  Vol.  xx,  United  States 
Census— establishments  in  eastern,  middle  and  western  states. 

No.  2.  Ayerage  cost  of  one  day's  supply  of  food,  fliel  and  materials  for  clothing,  cns« 
tomarily  used  by  such  mechanics,  computed  at  retail  prices  in  twenty  shops— tea 
east  and  ten  west  of  Bnffalo,  N.  Y. 

No.  3.  Variation  in  the  purchasing  power  of  800  days'  wages  in  money  ezpendod  fbr 
equal  portions  of  the  same  kinds  of  food,  ftiel  and  cloth,  as  above  given. 

No.  4.  Quantity  per  capita  of  coin,  convertible  bank  notes,  legal  tender  notes,  in  circu- 
lation or  in  use  as  money  at  the  respective  dates. 
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9CS 


Spscix 

18<K> 


Papkb 
1870 


Paper 

1875 


Specib 
1880 


Specie 
188&M 


1860. 

East  8% 
WoBtl07» 


12374 

II  1513 

;il  1890 

IV    MO 


Ei«t47. 


18C0 


1865 


1870 


1875 


1880 


1885-86 


Diagram  No.  s. 

The  foregoing  table  has  been  computed  b7  taking  the  prices  of  eqnai  qnantities  of 
the  same  kinds  of  food,  ftiel  and  materials  for  clothing  at  different  dates,  corresponding 
in  kind  and  quantity  to  the  average  consumption  of  good  mechanics  in  the  eastern  and 
middle  states.  The  upper  line  numbered  vi,  represents  the  loss  in  the  purchasing 
power  of  the  income  of  ten  thousand  dollars  invested  in  safe  securities.  The  result  is 
reached  by  dividing  the  price  of  a  single  portion  or  day's  supply  of  food,  f^el  and  ma. 
terials  for  clothing  at  the  different  periods  named,  into  the  sum  of  the  interest  which 
could  be  earned  at  the  different  dates  on  ten  thousand  dollars  invested  In  the  safest 
manner. 

The  next  line  crossing  the  table  diagonally  fVom  left  to  right  gives  the  average  de- 
cline in  the  rate  of  interest  on  the  best  commercial  paper  between  the  dates  named. 

The  third  line  numbered  v,  represents  the  purchasing  power  of  one  hundred  dollars 
of  lawf\il  money  converted  into  portions  representing  a  quantity  equal  to  one  day's 
supply  of  food,  fhel  and  materials  for  clothing  at  the  respective  dates  named. 

The  four  lines,  starting  ftom  the  same  point  numbered  in  Roman  numerals,  i,  ii,  nii 
and  IV,  represent  the  purchasing  power  of  three  hundred  days*  wages  at  the  average 
rates  earned,  when  converted  into  similar  portions  or  days'  supply  of  food,  fUel  and 
material  for  clothing. 
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I.  Specially  ftkiUed  mechaniosy  overseecs,  foremen  and  the  like. 

II.  Journeymen,  mechanics  of  average  skill  and  capacity. 

III.  Operatives  in  factories  of  varioas  kinds,  teztilei  wood*working,  boots  and  shoes, 
metal  works  and  the  like. 

IV.  Common  laborers. 

The  data  from  which  these  rates  of  wages  and  their  purchasing  power  have  been 
compiled  are  taken  from  one  hundred  establishments  reported  in  volume  twenty  of  the 
United  States  Census,  compiled  by  Joseph  D.  Weeks.  In  selecting  the  establishments 
the  writer  chose  among  a  very  much  greater  number,  one  hundred  which  he  bad  rea* 
son  to  suppose  had  been  in  substantially  continuous  occupation  throughout  the  period 
Arom  1860  to  188IMS;  or  if  subject  to  temporary  stoppage,  yet  for  very  short  periods. 

In  making  these  compilations  the  attempt  has  been  made  to  devise  a  multiple  stand- 
ard at  the  prices  prevailing  of  the  actual  necessities  of  life  as  a  substitute  for  the  unit  or 
standard  of  money,  which  has  varied  so  greatly  between  1860  and  1885-6  in  consequence 
of  the  issue  of  inconvertible  paper  money. 

These  tables  are  given  as  examples  of  what  tiie  writer  considers  the  true  use  of  sta- 
tistics, in  which  the  variation  in  prices,  in  the  rates  of  wages  and  in  the  purcliasing 
power  of  money  are  compiled  and  compared. 

The  common  abuse  of  statistics  consists  in  treating  prices  and  rates  of  wages  without 
any  consideration  of  the  quality  or  purchasing  power  of  the  money  in  which  these 
prices  and  rates  of  wages  are  given.  Ttie  depreciation  of  the  legal  tender  notes  of  the 
United  States  ttom  1861  to  1879  have  utterly  vitiated  all  the  statistics  of  that  period  re- 
lating to  prices  and  wages  unless  the  figures  are  adjusted  to  the  variations  in  the  value 
of  the  currency. 


Need  of  a  forest  administration  for  the  United  States.  By  B.  E. 
Fernow,  Chief  of  i'orestry  DivisioD,  U.  S.  Department  of  Agricul- 
ture, Washington,  D.  C. 

Political  economy,  as  the  name  implies,  is  that  science  which  teaches 
us,  as  a  nation,  to  manage  our  resources,  to  avoid  waste — waste  of  energy, 
waste  of  resources.  In  the  United  States  it  will  be  readily  admitted  this 
science  of  avoiding  waste  has  not  been  much  practised;  our  natural  re- 
sources, especially,  abundant  as  they  were,  have  been  and  still  are  squan- 
dered in  a  manner  which  must  needs  frighten  him,  who  has  a  thought  for 
those  that  come  after  us. 

Among  the  most  usefhl  resources  to  a  nation  of  pioneers  must  have  been 
the  supply  of  material  which  the  forest  furnishes,  and  yet  these  very  sup- 
plies so  essential  to  the  pioneer  civilizer  have  been  not  only  squandered 
most  ruthlessly  and  unnecessarily,  but  the  possibility  for  their  natural  re- 
cuperation—  by  which  the  forest  excels  all  other  natural  resources  —  has, 
to  a  large  extent,  been  wantonly  destroyed  or  deteriorated. 

That  the  farmer  who  needs  the  ground  for  agricultural  use  should  have 
cleared  away  the  timber  growth  immoderately,  and  often  imprudently ;  that 
the  lumberman  and  private  forest  owner  should  have  prized  the  present 
realization  of  his  forest  value  more  than  its  higher  prospective  value,  and 
should  have  cut  and  slashed  without  thought  of  economy,  and,  to  over- 
come competition,  expensive  transportation,  etc.,  should  have  wasted 
rather  more  than  necessary,  we  can  perhaps  understand,  explain  and  excuse. 
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Bat  that  the  government,  without  any  need  of  a  present  income,  shoald 
have  so  utterly  neglected  this  branch  of  political  economy  and  failed  to 
perceive  its  interest  and  duty  in  the  preservation  and  continaity  of  this 
richest  of  onr  resoarces,  seems  remarkable. 

Our  government  has  failed  to  recognize  the  Importance  of  this  factor  of 
national  wealth  in  general ;  and.worse,  after  having  disposed  of  the  largest 
part  of  it  unconditionally,  it  has  failed  to  take  care  of  that  part  which 
was  left  in  its  own  hands,  as  a  trust  for  the  people. 

To  make  good  the  assertion  that  the  forest  supplies  have  been  among  the 
most  important  factors  of  our  nation's  wealth,  I  cite,  fi'om  the  calculations 
of  Professor  James,  the  comparison  between  the  products  of  the  forest  and 
those  of  other  industries  as  appearing  upon  the  basis  of  the  census  of  1880.  . 

'*The  value  of  the  forest  products  in  that  year  (1879)  was  equal  to  one- 
third  of  that  of  all  farm  products  whatsoever  sold,  cousumed  or  on  hand. 
It  exceeded  by  nearly  one  hundred  million  dollars  the  total  assessed  value 
of  all  the  farming  property  in  the  New  England  States  and  by  a  somewhat 
smaller  figure  that  of  the  farms  of  Virginia,  North  and  South  Carolina, 
Georgia,  Alabama  and  Mississippi.  It  would  have  purchased  at  Us  as- 
sessed  valuation  for  the  purpose  of 'taxation  the  entire  property,  personal 
and  real,  of  all  the  citizens  of  the  States :  Vermont,  Delaware,  Florida,  Ar- 
kansas, Nebraska,  Colorado,  Nevada,  Oregon  and  of  all  the  Territories 
besides  and  still  have  left  a  balance  nearly  eqdlil  to  the  same  kind  of  prop- 
erty rated  in  the  District  of  Columbia. 

"U  to  the  value  of  the  total  output  of  all  our  veins  of  gold,  silver,  coal, 
iron,  copper,  lead  and  zinc,  were  added  the  value  of  the  product  of  stone 
quarries  and  petroleum  wells  and  this  sum  were  increased  by  the  estimated 
value  of  all  the  steamboats,  sailing  vessels,  canal  boats,  flat  boats  and 
barges  plying  in  American  waters  and  belonging  to  citizens  of  the  United 
States,  it  would  still  be  less  than  the  value  of  the  forest  crop  by  a  sum  suf- 
ficient to  purchase  at  cost  of  construction  all  the  canals,  buy  up  at  par  all 
the  stock  of  the  telegraph  companies,  pay  their  bonded  debts  and  construct 
and  equip  all  the  telephone  lines  in  the  United  States. 

<*  This  sum  of  700,000,000  dollars  exceeds  the  gross  Income  of  all  the 
railroad  and  transportation  companies  In  the  United  States  and  if  we  leave 
out  New  York  and  Pennsylvania,  it  would  sufllce  to  pay  the  public  indebt- 
edness of  all  other  states  In  the  Union,  including  that  of  all  the  counties, 
townships,  school  districts  and  cities  within  those  States." 

In  a  word, we  have  to  do  here  with  an  interest,  ranking  third  in  the  line 
of  Importance  even  fh>m  the  mere  view  of  dollars  and  cents,  counting  man- 
ufactures of  all  kinds  first  and  agriculture  second. 

Now,  while  for  education  and  for  transportation,  for  agriculture  and  for 
manufacturing,  the  government  has  actively  engaged  in  measures  of  pro- 
motion and  has  passed  laws,  looking  to  the  preservation  and  increase  of  va- 
rious forms  of  our  natural  wealth ;  while  in  the  protection  of  game  and  fish, 
legislation  has  been  active  in  almost  every  state ;  while  by  the  establish- 
ment of  a  United  States  Fish  Commission  even  the  restocking  of  waters  has 
been  thought  necessary ;  while  millions  of  money  have  been  expended  for 
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clearing  out  the  channels  of  streams  and  regulating  their  flow  and  protect- 
ing adjacent  property  against  their  floods,  nothing  has  been  done  to  pro- 
tect the  head-waters,  where  such  damage  originates ;  nothing  has  been 
do6e  to  protect  the  natural  regulators  of  waterflow ;  nothing  has  been 
done  to  iceep  the  mountain  forests  in  continuous  reproduction ;  nothing 
has  been  done  to  foster  the  recuperation  of  this  important  source  of  wealth. 

The  laying  of  a  protective  tariff  has,  If  anything,  hastened  the  depletion 
and  encouraged  the  wasteftil  use  of  our  forest  supplies  and  beyond  that  no 
action  worth  naming  and  adequate  to  the  Importance  of  the  subject  has 
been  attempted  by  the  Federal  government. 

While  this  must  be  considered  poor  political  economy,  the  absence  of 
appreciation  of  what  Is  the  duty  of  government  In  this  direction  Is  still 
more  marked  in  the  case  of  the  disposition  and  administration  of  that  part 
of  the  public  domain,  which  bears  or  bore  a  ttmbergrowth. 

That  this  part  of  the  public  domain  had  any  special  value,  needed  any 
special  protection  like  other  valuable  property,  required  any  special  ad- 
ministration to  preserve  lis  material  substance  and  to  secure  the  continued 
existence  of  the  special  climatic  and  hydrologlc  functions  which  the  for- 
est serves,  such  views  of  our  forest  property  have  hardly  entered  the  minds 
of  our  representatives,  if  we  Judge  by  their  legislative  acts. 

Even  the  latest  bill  which  attempts  a  reform  In  the  disposal  of  public 
lands,  Just  passed  by  the  House  of  Representatives,  while  It  recognizes  the 
greater  material  value  of  timbered  property,  fails  entirely  to  comprehend 
its  national  and  cultural  value,  and  the  discussions  on  this  bill  reveal  strik- 
ingly this  lack  of  comprehension. 

Although  we  flnd,  since  the  act  of  March  2, 1881,  several  feeble  attempts 
to  prevent  the  theft  of  timber  Arom  the  public  domain,  these  attempts  were 
so  feeble  and  Inadequate,  as  to  render  them  not  only  ridiculous,  but  like 
all  laws  which  cannot  be  enforced  for  lack  of  executive  organization,  mis- 
chievous and  dangerous  to  the  morals  of  the  community. 

Passing  over  the  history  of  this  property  in  the  past,  we  flnd  that  It  has 
rapidly  dwindled  down,  until  to-day  the  United  States  Government  owns 
but  fifty  to  seventy  million  acres  of  forest  area,  roughly  estimated — we  have 
no  means  of  approximating  it  more  definitely. 

This  property  is  largely  situated  on  the  mountain  ranges  of  the  Pacific 
Coast  and  the  Rocky  Mountains. 

It  is  constantly  being  diminished  In  extent  by  the  land  syndicates,  who 
obtain  possession  of  It  by  circumventing  the  law,  with  bribery  and  perjury, 
since  no  legitimate  manner  of  obtaining  the  timber  exists. 

For  lack  of  proper  regulations  and  in  the  absence  of  proper  administra- 
tion, the  rest  is  being  robbed  of  its  best  timber  partly  with,  partly  without 
sanction  of  law,  but  in  both  cases  in  the  most  wasteftil  manner. 

During  the  last  seven  years  the  value  of  timber  reported  as  stolen  amount- 
ed to  $36,719,852j  what  portion  this  may  be  of  the  actual  amount  stolen 
may  be  inferred  from  the  statement  that  over  an  area  covering  geograph- 
ically not  less  than  one  million  square  miles  twenty-seven  agents  only  In 
the  average  were  employed  to  ferret  out  and  bring  to  Justice  the  depre- 
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dators.  The  amoants  actually  recovered  during  this  period,  usually  by 
compromise,  amounted  to  9^78,073,whlle  the  expense  for  this  protectl7e(  I) 
service  had  cost  $455,000. 

So,  after  all,  one  of  the  commissioners  of  the  Land  Office  could  congratu- 
late himself  that  It  was  a  "paying"  service. 

With  more  and  more  urgency  have  the  commissioners  of  the  Land  Office, 
the  officers  to  whose  care,  under  the  Secretary  of  the  Interior,  this  property 
Is  intrusted,  Insisted  that  under  existing  laws  and  conditions  and  with  the 
deficient  ftinds  appropriated  for  the  purpose  not  only  Is  It  Impossible  to  pro- 
tect the  property  of  the  people  against  theft  and  devastation,  but  the  needs 
of  the  settler  and  the  requirements  of  Industrial  pursuits  being  disregard- 
ed by  the  law,  the  users  of  timber  are  by  necessity  forced  to  become  dep- 
redators If  they  wish  to  satisfy  their  needs. 

In  addition  to  the  spoliations  of  Its  direct  material  value,  the  public  tim- 
ber domain  has  suffered  untold  damage  by  reckless,  will  Ail  or  careless  fir- 
ing and  In  every  respect  the  management  of  this  part  of  our  national  In- 
heritance reflects  discredit  on  our  much-praised  business  capacity. 

That  this  Is  not  the  fault  of  the  Executive,  but  of  the  Legislative  branch 
of  our  government  which  withholds  the  necessary  funds  for  a  proper  ad- 
ministration of  this  trust,  win  appear  from  the  constantly  reiterated  rec- 
ommendations of  the  Secretary  of  the  Interior,  a  few  of  which  I  cite  as 
exhibiting  the  legal  and  moral  aspect  of  existing  conditions. 

The  Secretary  of  the  Interior,  In  1880,  after  devoting  over  six  pages  to 
the  subject  of  forestry,  says : 

**  I  regret  to  say  that  In  spite  of  the  repeated  recommendation  of  the 
passage  of  a  law  to  facilitate  the  prevention  of  the  wasteAil  devastation  of 
the  public  timber  lands,  and  to  enable  the  government  to  dispose  of  tim- 
ber to  settlers  and  miners,  as  well  as  for  legitimate  mercantile  purposes 
under  such  regulations  as  would  prevent  the  Indiscriminate  and  permanent 
destruction  of  our  forests,  almost  all  the  legislation  that  has  been  had  upon 
this  subject  consisted  In  acts  relieving  those  who  had  committed  the  dep- 
redations In  the  past  of  their  responsibility  and  protecting  them  against 
the  legal  consequences  of  their  trespasses,  etc." 

And,  In  1885,  Secretary  Lamar,  repeating  his  recommendations  in  1886 
and  1887 : 

**The  subject  of  the  preservation  of  timber  on  the  government  lands  has 
been  suggested  to  Congress  repeatedly  in  the  reports  of  my  predecessors. 
Perhaps  Its  A*equent  repetition  has  rendered  It  commonplace,  until  It  has 
come  to  be  recognized  as  a  part  of  routine  report.  Its  Importance  Justi- 
fies Its  repetition.  That  the  timber  is  rapidly  disappearing  is  an  indis- 
putable fact.  Much  Is  wasted  and  destroyed.  Its  effect  on  rainfall,  the 
flow  of  our  rivers,  and  the  healthful  character  of  climate  are  subjects  wor- 
thy of  consideration.  Its  Importance  and  necessity  for  agricultural,  do- 
mestic, and  mechanical  uses  require  no  portrayal.  Good  government, 
while  not  forgetful  of  the  present,  should  use  some  care  for  the  future. 
Both  on  account  of  Its  present  Importance  and  Its  future  necessity,  this 
subject  Is  worthy  of  your  thought." 
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And  ftirther,  speaking  of  the  timber  act  of  1878 : 

"Its  enactment  was  suggested,  doubtless,  by  the  fact  that  settlers  in  a  new 
country,  surrounded  by  woodland,  could  not  and  would  not  suffer  In  a  rig- 
orous climate  for  want  of  fuel  and  shelter;  that  the  necessary  industries 
of  a  frontier  would  not  submit  to  the  plnchings  of  a  famine  in  the  midst  of 
abundance.  But  while  it  was  necessary  to  recognize  the  inevitable,  the 
recognition  was  not  properly  guarded,  and  waste  and  greedy  speculation 
seem  to  have  resulted  Arom  the  law. 

'*Any  timber  for  the  uses  named  in  the  statute  may  be  cut,  under  Its  pro- 
visions, by  any  resident  of  the  Territory  on  any  mineral  lands  of  the 
Government,  in  the  Territory  of  his  residence,  without  compensation.  In- 
dividual avarice  and  corporate  greed,  thus  luvited,  with  hasty  eagerness, 
vie  in  accepting  the  bounty,  and  unless  checked  by  wholesome  modifica- 
tions of  the  law,  will  soon  cause  all  the  mineral  lands  to  be  stripped  of  their 
forests.  Railroads  pass  through  many  of  the  Territories ;  along  their  routes 
wealthy  companies  have  been  organized,  mills  erected,  and  the  most  val- 
uable timber  accessible  is  being  rapidly  cut  off.  That  which  is  '*  every 
one's  property  is  no  one's  care,"  and  waste  and  extravagance  are  the  nat- 
ural consequence  of  negligent  legislation." 

The  last  report  of  the  Commissioner  of  the  Land  Office  (1887)  contains 
a  chapter  illustrative  of  the  manner  in  which  a  small  minority  has  been  for 
a  long  time  defrauding  the  nation  unchecked.  Any  citizen  who  feels  him- 
self a  part  of  the  great  government  "  of  the  people,  for  the  people,  by  the 
people  "  will  do  well  to  ponder  over  these  pages  of  disgrace. 

Under  existing  conditions  not  only  is  it  made  difficult  for  the  resident 
population  to  supply  itself  with  the  needed  lumber  in  an  honest  way,  but 
the  danger  of  doing  so  in  contravention  of  the  law  entails  an  enormous, 
needless  waste.  Acres  of  timber  are  felled  in  anticipation  of  possible  use, 
and  rot  on  the  ground,  because  their  haulage  may  become  too  risky, or  the 
depredator  finds  it  difficult  to  dispose  of  the  property,  and  so  it  is  left  to 
fUrnish  food  to  the  ever-recurring  annual  fires,  which  destroy  not  acres 
but  miles  of  standing  timber,  and  no  legal  disposition  of  the  burnt  timber 
may  be  made. 

Such  is  the  moral  aspect  of  our  present  conditions  in  regard  to  the  land 
laws  and  to  the  reasons  for  a  change  in  our  forest  policy.  The  organic 
reasons  are  those  which  compel  us  to  consider  the  forest  cover  of  the 
mountains  as  of  more  Importance  than  merely  to  supply  material  for  the 
present. 

That  those  who  may  cut  timber  legally  on  mineral  lands,  or  homesteads, 
or  timber  entries  on  the  Pacific  slope,  have  no  interest  except  to  satisfy  a 
present  momentary  need,  and  clear  the  land  regardless  of  any  consequences 
to  ftiture  supply,  or  proper  management,  or  forest  conditions,  utilizing 
only  whatever  part  of  the  trees  they  may  readily  use  or  require,  leaving 
the  balance  in  the  most  wasteful  manner  on  the  ground,  is  attested  by  those 
acquainted  with  the  manner  of  timber-cutting  in  those  regions.  Any  sign 
of  intelligent  and  systematic  management  which  would  insure  a  full  utili- 
zation and  continuity  of  the  same  is,  of  course,  absent  and  not  encouraged 


864  SECTION  X. 

by  present  regulations  under  the  existing  laws,  and  local  supplies  are 
waning  in  many  parts.  While  in  view  of  the  needs  of  local  supply  for  min- 
ing operations,  especially  in  mines  yielding  low-grade  ores,  which  cannot 
bear  the  burden  of  heavy  charges  for  the  importation  of  their  timbering, 
this  is  an  undesirable  prospect,  a  much  more  serious  danger  is  threatening 
the  community  at  large  in  and  around  these  mountain  regions. 

The  climate  is,  In  many  parts  of  the  region,  not  favorable  to  tree  growth ; 
at  least  not  to  the  germination  of  seeds  of  coniferous  trees,  which  form  there 
the  natural  growth.  These  unfavorable  conditions  are,  by  the  act  of  man 
made  still  more  unfavorable.  The  wholesale  clearing  which  is  practised 
lays  bare  the  thin  soil  to  the  inflaence  of  drying  sun  and  wind ;  fires  that 
sweep  over  the  ground  without  hindrance  destroy  the  thin  mold  and  what- 
ever seedlings  may  have  been  on  it,  and  thus  natural  recuperation  of  the 
forest  is  made  impossible,  and  any  attempt  at  artificial  reforesting  is  al- 
most precluded.    Barrenness  and  desolation  are,  as  a  rule,  the  result. 

If,  in  view  of  so  much  graver  consequences,  it  were  permissible  to  allnde 
to  it,  I  would  impress  upon  those  who  take  a  delight  and  a  pride  In  the 
charm  with  which  nature  has  endowed  our  country,  vying  with  the  finest 
scenery  of  Europe,  that  the  beauty  of  the  once  verdant  mountain  sides  is 
being  ruthlessly  and  needlessly  destroyed,  and  with  such  general  equanim- 
ity is  this  devastation  considered  that  we  may  soon  substitute  In  our  dic- 
tionaries the  word  '* Americanism"  for  *'  vandalism.'* 

What  the  graver  consequences  are  can  be  readily  understood  by  those 
who  have  studied  the  history  of  deforestation  and  forest  devastatlo/i  in 
southern  France,  Switzerland,  Spain,  Italy,  and  those  far  eastern  countries 
which  compare  somewhat  in  climatic  aspects  with  the  region  in  question. 

Not  only  is  the  forest  cover  of  the  mountain  crests  destroyed  when  it 
might  have  yielded  continuous  supplies,  but  at  the  same  time  agricultnro 
in  the  valleys  below  is  first  endangered  and  then  made  impossible. 

In  a  region  which,  like  most  of  the  plains  of  Idaho,  Montana,Wyoming, 
Colorado,  Utah,  New  Mexico,  Arizona,  and  southern  California,  requires 
for  agricultural  purposes  the  aid  of  Irrigation,  regularity  of  water-supplies 
is  all-important.  This  is  being  tampered  with  when  the  ground  is  laid 
bare  on  the  mountain  sides,  allowing  the  rains  to  run  off  as  from  a  roof  and 
permitting  the  snows  to  melt  and  their  waters  to  pour  down  In  torrents  at 
a  time  when  more  than  enough  water  is  on  hand  and  the  husbanding  of  the 
supplies  for  a  later  season  is  highly  desirable. 

Whatever  may  be  the  influence  of  the  forest  upon  climatic  conditions, 
its  ftinctlon  as  a  regulator  of  hydrologic  conditions  is  well  understood  and 
proved  both  by  experience  and  experiment. 

Other  consequences,  such  as  an  increase  of  snow-slides  and  land-slides 
and  the  washing  of  debris  into  the  valleys  have  begun  to  make  themselves 
felt  and  It  can  only  be  a  question  of  time  when  we  must  reach  such  a  state  of 
things  as  was  brought  upon  the  mountain  districts  of  France,  Switzerland, 
and  the  Tyrol,  and  which  is  too  well  known  to  be  rehearsed  again.  I  will 
only  mention  that  after  entire  communities  had  been  impoverished  by  the 
action  of  torrents  due  to  deforestation  the  governments  found  it  neces- 
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sary  to  interfere,  or  rather,  interference  coming  too  late,  to  assume  or  aid 
in  the  work  of  reforestation.  Thus  in  France  it  was  found  that  783,000 
acres  needed  to  be  -restocked  for  reasons  of  public  utility,  besides  the  se- 
curing of  1,900  miles  of  torrents.  One  hundred  and  three  thousand  one  hun- 
dred and  thirty-eight  acres  of  mountain  land  are  reported  already  as  put  in 
condition  by  the  Government  at  a  cost  of  ^4,865,750,  outside  of  the  cost  of 
expropriations,  etc.  To  this  mast  be  added  81,116,643,  which  have  been 
given  to  communities  and  private  owners  in  aid  of  similar  works,  and  a  far- 
ther expenditure  of  about  934,000,000  is  expected  to  be  necessary.  Alto- 
gether it  is  estimated  that  930,000,000  have  been  expended  to  correct  the 
evils  brought  on  by  foolish  disregard  of  nature's  laws.  For  the  year  1887, 
the  appropriation  for  these  purposes  amounted  to  9794,000,  the  total  appro- 
priation for  the  forest  department  of  France  being  in  round  numbers  9^1- 
000,000. 

There  has  been  lately  a  proposition  brought  forward  to  build  reservoirs 
in  the  mountains  for  the  purpose  of  water  regulation.  This  same  proposi- 
tion was  made  in  France,  but  it  was  soon  abandoned  as  impracticable,  costly 
and  as  liable  to  create  new  dangers,  perhaps  greater  than  the  old  ones, 
since  the  mountain  reservoir  might  burst  at  any  time  and  the  embanked 
river  was  certain  to  rise  above  the  surrounding  plain  to  a  dangerous  level. 
The  wiser  plan  of  reforestation,  therefore,  was  resorted  to  with  results 
which  now  have  proved  the  wisdom  of  that  measure. 

The  public  land  commission  in  1883,  recommending  necessary  changes 
in  existing  land  laws,  says :  **  The  timber  lands  should  be  sold.  Will  not 
private  ownership,  self-interest,  best  protect  this  class  of  lands?  " 

If  the  history  of  the  countries  just  cited,  if  the  forest  lands  In  the  older 
settled  parts  of  our  own  country,  have  not  shown  that  this  is  a  fallacy,  we 
may  never  expect  to  learn  from  experience. 

While  the  existing  system  of  espionage  and  police  may  be  ''  unpop- 
ular and  un-American,"  as  it  undoubtedly  is,  it  exists,  not  because  there  is 
no  other  choice  than  sale,but  because  there  are  no  adequate  provisions  made 
to  satisfy  the  requirements  of  lumber  for  actual  and  commercial  use,  thus 
forcing  the  population  to  depredations.  Settlers  and  consumers  of  wood 
cannot  be  expected  to  go  to  the  woods  and  cut  their  sticks  when  wanted, 
as  in  the  pioneer  days.  They  must  have  an  opportunity  to  supply  their 
wants  in  a  business  manner,  as  they  do  in  all  other  needs  of  civilized  life; 
through  the  agency  of  a  middle-man  —  in  this  case  the  lumberman  or  the 
saw-mill  man  —  nor,  with  ttie  absence  of  stability  in  our  population,  can 
more  than  a  temporary  or  an  ephemeral  interest  attach  to  forest  property 
for  the  individual. 

It  is  not  the  forest  that  is  valuable  and  would  appear  worth  its  protec- 
tion to  the  individual,  but  the  timber  which  the  forest  yields.  As  soon  as 
that  is  gone,  the  value  and  interest  are  gone  for  the  individual.  The  in- 
terest which  the  community  has  in  the  forest  is  transcendent.  The  con- 
tinuation, reproduction,  and  protection  of  the  forest  cover  are  of  significance 
to  the  continued  welfare  of  the  community,  especially  in  the  mountain  for- 
ests, and  the  mountain  forests  will  therefore  be  in  safer  hands  with  the 
community  at  large,  with  the  state. 
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Let  it  not  be  overlooked  that  the  state  is  not  only  the  representative  of 
communal  Interests  as  against  individual  Interests,  but  also  of  future  in- 
terests as  against  those  of  the  present ;  that  the  forest  is  a  kind  of  trust, 
of  which  the  usuflruct  belongs  to  the  present,  and  that  to  draw  upon  its 
capital  Is  a  perversion  of  the  trust  and  can  only  be  excused  by  direst  ne- 
cessity. Every  other  civilized  country  has  found  by  severe  experiences  that 
private  Interest  is  not  sufficient  to  protect  this  class  of  lands ;  that  state 
ownership  or,  what  Is  more  objectionable  and  less  effective,  state  supervi- 
sion of  private  forest  lands  Is  Indispensable  In  those  regions  where  the  for- 
est subserves  other  functions  than  that  of  mere  material  supply. 

We  have  then  this  proposition : 

The  United  States  owns  a  large  forest  property ;  owing  to  its  location  in 
a  comparatively  sparsely  timbered  country,  careftil  husbanding  and  re- 
production Is  Important  for  the  development  of  the  surrounding  country ; 
owing  to  Its  location  on  the  mountain  sides  and  tops,  within  a  compara- 
tively arid  region,  which  Is  dependent  for  Its  agricultural  development  on 
irrigation,  Its  continuity  as  forest  Is  Imperative  for  the  regulation  and  equal- 
ization of  the  waterflow  In  the  mountain  streams;  experience  and  reason- 
ing from  the  natural  habits  of  private  owners  teach,  that  the  expectation 
of  indirect  and  distant  benefits  rarely  Induces  such  private  management, 
as  Is  likely  to  curtail  present  profits,  and  that  Individual  owners  will  not 
be  infiuenced  In  the  management  of  their  holdings  by  the  Interests  and  the 
resulting  benefits  to  the  community  at  large.  Hence  it  is  proposed  that  the 
United  States  Government  reserve  from  disposal  by  sale  or  other  entry, 
the  forest  lands  unfit  for  agricultural  use  which  It  owns,  that  It  place  them 
under  a  proper  forest  administration,  which  with  due  regard  for  the  needs 
of  timber  supply  to  the  surrounding  country  will  Insure  the  continuity  and 
recuperation  of  the  forest  cover. 

I  have  embodied  my  views  as  to  the  precise  organization  of  such  an  ad- 
ministration In  a  Bill,  which  has  been  before  Congress  during  Its  last  ses- 
sion, but  In  the  turmoil  of  politics,  in  which  political  economy  plays  but  a 
small  part,  this  measure  could  hardly  expect  serious  consideration.  And 
yet  the  time  Is  not  distant,  when  It  may  be  too  late  to  ask  for  such  an  ad- 
ministration, because  there  will  be  nothing  to  administer. 

I  now  call  the  attention  of  the  members  of  this  section  to  the  early  action 
of  this  same  Association  with  reference  to  the  subject  of  forestry. 

At  the  Portland  meeting  In  1873  the  Association  appointed  a  Committee 
upon  Forestry,  **  to  memorialize  Congress  and  the  several  State  legisla- 
tures upon  the  Importance  of  promoting  the  cultivation  of  timber  and  the 
preservation  of  forests  and  to  recommend  proper  legislation  for  securing 
these  objects ;"  Mr.  G.  B.  Emerson  being  one  of  the  Committee. 

The  result  of  this  action  and  of  the  exertions  of  your  Committee  was  an 
appropriation  by  Congress  In  1876  to  the  Commissioner  of  Agriculture  for 
the  purpose  of  making  inquiries  relating  to  forestry,  out  of  which  has 
grown  the  present  Division  of  Forestry  In  the  Department  of  Agriculture. 
Your  Committee  reported  progress  at  the  meetings  In  1874,  1878  and, 
lastly,  In  1880,  It  submitted  a  memorial  designed  for  the  various  state  leg- 
islatures, and  asked  for  its  discharge.     With  this  the  active  influence  of 
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the  Association  in  shaping  a  forest  policy  for  the  conntry  seems  to  have 
ended. 

Several  states  have  tvom  their  own  initiative  or  as  a  result  of  individual 
and  associated  effort  begun  to  give  serious  consideration  to  at  least  the 
management  of  their  remaining  state  forest  property,  notably  New  York, 
California  and  Georgia.    Not  so  the  United  States. 

I,  therefore,  upon  the  grounds  laid  down  in  this  paper,  call  upon  this  As- 
sociation, through  whose  influence  the  only  action  for  the  promotion  of 
forestry  by  the  general  government  was  secured,  to  further  exert  its  in- 
fluence in  securing  the  more  needful  and  more  important  action  necessary 
to  effect  the  reservation  and  administration  of  the  remaining  timber  domain. 


The  science  of  economic  engineering.      By  Charles  S.  Hill,  Wash- 
ington, D.  C. 

[ABSTRAOT.] 

Embracing  the  economic  principles  of  developing,  viz. : 

1.  Railroads. 

2.  Coast  Defences. 

3.  Harbor  Dependencies. 

4.  River  Improvements. 

5.  Canals,  Sluices  of  Irrigation,  etc. 

6.  Public  Education. 

7.  Shipbuilding. 

Epitome:  These  economics  constitute  to  the  greatest  degree,  both  civil 
and  mechanical  development  of  science,  to  constant  employihent  of  labor 
and  to  the  grandest  future  of  our  nation  in  power,  peace  and  prosperity. 

These  require  wise  economic  legislation. 

The  development  thereof  Is  the  only  uniflcation  of  capital  and  labor. 

Arguments  based  upon  the  principles  and  precepts  of  Jefferson  as  a  nat- 
uralist and  political  economist. 


An  error  in  our  national  dietary.  By  Prof.  W.  0.  Atwater,  Mld- 
dletown.  Conn. 

[ABSTRACT.] 

Examinations  of  the  dietaries  of  a  considerable  number  of  people,  in 
different  parts  of  the  country,  show  that  their  dally  food  contains  an  amount 
of  nutritive  material  much  in  excess  of  the  actual  demand  for  nourishment. 
This  excess  consists  largely  of  fatty  substances  and  comes  with  the  meats, 
which  are  consumed  In  great  quantities.  The  meats  In  our  markets  con- 
tain much  larger  proportions  of  fat  than  is  commonly  supposed,  a  fact  ex- 
plained by  our  agricultural  conditions  and  by  physiological  laws. 
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Shipbuilding  and  shipping  as  a  national  bconomio.   By  Charlks  S. 
Hill,  Washington,  D.  C. 

[AB8TRACT.] 

The  prestige,  decline  and  prospect. 

Their  importance  in  utilization  of  labor,  In  developing  a  Naval  Reserve 
and  in  securing  a  home  clrcalation  of  cnrrency. 

The  want  of  economic  national  legislation  to  revive  these  industries  or 
their  irrevocable  disappearance  as  American  interests. 

The  national  dependence  consequent. 


The  International  Statistical  Institutk.  By  J.  R.  Dodge,  Washing- 
ton, D.  C. 

[ABSTBAGT.] 

The  recent  biennial  session  of  this  Institute  in  Rome,  Italy. 
Its  work  and  propositions. 

The  pressing  need  of  a  system  of  international  comparison. 
The  future  purposes  of  the  Institute. 


Economic  value  of  binary  arithmetic.    By  Henrt  FarquhXr,  U.  S. 
Coast  Survey,  Washington,  D.  C. 

I  [ABSTBACT.l 

This  paper  aims  to  show  (1)  why  this  arithmetic,  in  the  notation  used 
by  Leibnitz,  is  unavailable  in  practice ;  (2)  how  that  disadvantage  can  be 
avoided  by  an  improved  form  of  numerical  symbols ;  (3)  what  evidence  has 
been  given  by  actual  experiment  of  labor-saving  by  the  use  of  the  binary 
scale ;  (4)  to  what  degree  and  why  the  binary  scale  may  be  considered  the 
natural  one. 


Suggestions  for  legislation  on  the   currency.     By  Edward  H. 
Ammidown,  New  York,  N.  Y. 

In  all  considerations  of  the  use  of  silver  money,  a  distinction  must  be 
plainly  drawn  between  the  intrinsic  and  the  nominal  (or  legal)  values  of 
gold  and  sliver  coins.  Their  nominal  values  may,  under  favorable  circum- 
stances, be  maintained  at  a  uniform  ratio  by  legislation.    Their  intrinsic 
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yalaes,  depending  upon  the  demand  and  supply  of  the  precioas  metals, 
can  never  be  permanent.  And,  as  the  conditions  which  determine  the  in- 
trinsic values  of  gold  and  silver  cannot  be  predicted,  it  is  impossible  to 
establish  a  ratio  at  which  their  intrinsic  values  can  be  maintained. 

In  the  United  States  from  1790  to  1835,  the  intrinsic  value  of  the  silver 
dollar,  as  measured  in  gold,  was  less  than  its  nominal  value,  and  although 
the  difference  was  only  about  five  per  cent,  gold  coins  gradually  disap- 
peared. From  1835  to  1873,  the  position  was  reversed,  and  although  the 
intrinsic  value  of  the  gold  dollar,  as  measured  in  silver,  was  never  more 
than  five  per  cent  below  its  nominal  value,  the  silver  dollar  became  a  cu- 
riosity for  collectors  of  rare  coins.  Since  1873,  the  intrinsic  value  of  the 
silver  dollar,  as  measured  in  gold,  has  again  fallen  below  its  nominal  value, 
and  gold  coin,  except  as  it  appears  in  bank  reserves  or  in  the  vaults  of  th« 
treasury,  is  no  longer  an  important  part  of  the  national  currency. 

In  view  of  the  great  divergence  which  has  taken  place  during  the  past 
ten  years  between  the  intrinsic  value  of  silver,  as  measured  by  gold,  and 
its  nominal  value  in  coin,  it  is  commonly  asserted  that  silver  has  declined 
in  value;  but  it  is  also  claimed  by  many  that  gold  has  increased  in  value; 
and  with  apparently  good  reasons,  inasmuch  as  the  world*s  annual  prod- 
uct of  gold  has  diminished  during  the  past  twenty  years  more  than  thirty 
per  cent  or  from  twenty-six  millions  to  eighteen  millions  pounds  ster- 
ling and  its  use  in  the  arts  and  manufactures,  together  with  its  absorp- 
tion in  Asia,  nearly  equal  at  the  present  time  its  anuual  production. 

Silver,  on  the  contrary,  has,  as  respects  annual  production,  kept  pace 
with  the  natural  increase  of  the  demand  for  it  in  the  arts  and  for  money, 
which  has  attended  the  growth  of  the  world's  civilization  and  trade.  Dur- 
ing the  past  ten  years  the  product  has  increased  about  twenty  per  cent,  or 
trom  seventeen  millions  to  twenty -one  millions  pounds  sterling  per  an- 
num. 

The  effect  of  the  diminishing  production  of  gold  upon  its  value  has 
doubtless  been  largely  augmented  by  the  efforts  of  the  European  gov- 
ernments to  substitute  it  for  silver  in  the  currency  of  their  respective 
countries,  thereby  increasing  the  demand  for  gold  concurrently  with  a 
rapidly  decreasing  supply. 

The  eflect  of  these  efforts  upon  the  value  of  silver,  lessening  the  de- 
mand concurrently  with  an  increasing  supply,  must  also  have  contributed 
not  a  little  to  the  great  change  in  the  relative  values  of  the  two  metals 
which  is  now  disturbing  the  world's  trade  and  everywhere  provoking  cries 
for  relief. 

How  far  the  action  of  the  United  States,  as  a  buyer  of  silver,  during  the 
past  ten  years  to  the  extent  of  nearly  one-th!rd  of  the  world's  production, 
has  neutralized  European  legislation  adverse  to  silver,  it  is  impossible  to 
determine.  But  It  Is  reasonable  to  believe  that  it  has  prevented  a  greater 
divergence  of  values  between  the  precious  metals  and  contributed  in  an 
important  degree  to  maintain  stability  in  the  commercial  relations  of  na- 
tions and  individuals. 

In  view  of  the  fluctuations  of  value  in  the  past  and  of  the  certainty  that 
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they  will  continne  in  the  ftiture,  It  is  evident  that  the  concnrrent  use  of 
both  gold  and  silver  moDey,  at  constant  relative  valaes,  can  only  be  main- 
tained by  arbitrary  law,  prescribing  the  ratio  at  which  they  shall  be  inter- 
changed, and  at  which  they  shall  be  received  in  payment  of  debts. 

In  the  absence  of  snch  law  coins  of  inferior  intrinsic  valne  could  not  be 
kept  In  circnlation.  Bnt  if,  under  the  operation  of  law,  coins  of  inferior  in- 
trinsic value  are  unduly  forced  Into  circulation,  all  coins  of  superior  intrinsic 
value  will  be  gradually  absorbed  by  bankers  and  dealers  in  money ;  or,  if 
the  balance  of  trade  is  unfavorable,  will  be  exported.  Foreigners  esti- 
mate our  coin  mainly  at  its  intrinsic  value,  and  elect  payment  of  debts  in 
that  kind  which  has  the  highest  metallic  value,  as  compared  with  its  nom- 
inal value.  No  apprehension  need  however  be  felt  in  regard  to  the  export 
of  either  of  the  precious  metals,  whatever  be  their  relative  values,  so  long 
as  a  balance  of  trade  in  our  favor  is  maintained.  During  the  six  years, 
1880  to  1886,  with  favorable  trade  balances,  this  country  has  steadily  con- 
tinued to  draw  gold  fk'om  Europe,  and  to  export  silver,  in  spite  of  the 
superior  intrinsic  value  of  the  former.  The  net  amount  of  gold  received 
during  that  time  is  about  $120,000,000,  while  the  net  amount  of  silver  ex- 
ported is  about  $60,000,000.  The  Treasury  reports  show  that  silver  has 
been  exported  chiefly  to  those  countries  which  use  it  most  extensively  for 
coin  and  in  the  arts,  while  the  imports  of  gold  have  been  from  those 
countries  with  which  our  trade  balances  are  finally  adjusted.  Silver  has 
been  exported  as  a  metal  for  conversion  to  the  uses  of  foreign  nations. 
Gold  has  been  imported  in  settlement  of  debt  to  this  nation. 

But  while  bi-metallsm  is  possible  only  by  force  of  law,  no  law  can  main- 
tain it  in  the  presence  of  permanently  adverse  trade-balances,  and  it  is  a 
problem  for  statesmen  to  determine  to  what  limit,  even  if  supported  by 
favorable  trade-balances,  the  force  of  law  will,  under  given  conditions,  en- 
sure the  concurrent  use  of  both  kinds  of  coin.  It  is  also  their  duty,  if  bi- 
metalism  is  desired,  to  guard  against  the  transgression  of  that  limit  as 
well  by  encouraging  the  use  of  both,  as  by  opposing  all  influences  wheth- 
er local  or  national  tending  to  discredit  either. 

It  is  not  essential  nor  desirable  that  the  relative  metallic  values  of  gold 
and  silver  coins  should  be  changed  to  correspond  with  the  fluctuations  of 
the  market  value  of  bullion,  in  order  to  secure  their  constant  concurrent 
use  as  money.  Variations  in  the  production  or  use  of  either  metal  would 
speedily  derange  any  ratio  for  the  value  of  coins  based  upon  the  relative 
value  of  the  metals.  There  are  indications  at  the  present  time  in  the  dis- 
covery of  gold  in  South  America  and  in  the  growing  demand  in  Europe  for 
more  silver  money,  that  the  price  of  silver  as  measured  by  gold  will  be 
higher  and  that  the  nominal  values  of  coins  of  the  two  metals  will  again 
approximate  to  their  intrinsic  values.  The  stability  of  our  coinage  will, 
therefore,  be  more  surely  maintained  by  avoiding  any  change  in  its  com- 
position. 

The  objections  which  are  often  made  to  the  purchase  of  bullion  for  coin- 
age, and  the  claim  that  coinage  should  be  free,  seem  rather  to  be  founded 
upon  former  usage  than  upon  any  valid  reason.    When,  for  long  periods, 


EGONOHIO  SCIENCE  AND  STATISTICS.  871 

the  relative  valaes  of  gold  and  silver  continued  nearly  nnfform,  and  the 
influences  affecting  their  values  operated  slowly  and  insensibly,  ftee  coin- 
age was  neither  unreasonable  nor  prejudicial.    It  was  a  natural  conse- 
quence of  the  assumed  right  of  governments  to  the  exclusive  control  of 
the  coinage. 

But,  at  this  day,  when  the  fluctuations  of  values  of  the  precious  metals- 
are  great  and  the  conditions  affecting  their  values  are  promptly  known,  no 
nation  can  Justly  permit  free  coinage  of  either  metal  or  allow  individuals- 
to  profit  by  the  difference,  which  may  at  any  time  prevail,  between  the 
higher  legal  value  of  coin  and  Its  lower  metallic  value.  It  is  certain  that- 
individuals  will  not  turn  metal  into  a  coin  at  a  loss.  Is  there  any  goodi 
reason  why  the  government  should  not  reap  the  profit  of  coinage  for  the- 
benefit  of  the  people  at  whose  expense  the  mint  is  sustained? 

It  Is  sometimes  urged  that  the  purchase  of  bullion  for  coinage  Involves* 
an  increase  of  taxation,  but  it  is  evident  that  this  cannot  be  true  unless  It 
produces  an  excess  of  Idle  money  in  the  treasury,  and  only  to  the  extent 
of  the  loss  of  interest  on  this  excess.  A  large  Aind  must  be  constantly  at. 
hand  to  meet  current  expenses.  If  a  larger  sum  than  is  required  for  this- 
purpose  Is  at  times  accumulated,  any  loss  of  Interest  upon  It  will  be  ma- 
terially. If  not  wholly,  offset  by  the  profit  accruing  from  the  purchase  of 
bullion. 

It  may  be  fairly  claimed  that  such  purchases  would  be  generally  con^ 
fined  to  that  metal  which,  for  the  time,  might  be  of  lower  intrinsic  value- 
as  compared  with  Its  nominal  value.  The  advantage  of  this  course  ii» 
maintaining  the  equilibrium  of  value  between  the  two  metals,  as  well  as  in 
profit  to  the  government,  is  obvious. 

It  is  scarcely  necessary  at  this  day  to  contend  for  the  maintenance  of 
bi  metallsm  In  the  United  States.  The  American  people  with  almost  In- 
stinctive regard  for  their  own  welfare,  have  determined  that  question. 
But  it  is  not  Irrelevant  to  point  out  that  it  Is  for  the  advantage  of  the 
whole  world  that  sliver  be  continued  in  general  use  as  money,  on  a  parity 
with  gold,  and  by  force  of  law,  to  the  largest  practicable  extent. 

It  Is  admitted  that  the  scarcity  of  money  involves  the  depression  of  the 
value  of  all  other  property  and  universal  distress.  However  much  Indi- 
vidual or  national  credits,  in  the  form  of  checks,  bank  bills,  or  paper  mon- 
ey, may  take  the  place  of  coin  in  business  transactions,  silver  and  gold 
money  areas  essential  as  ever  and  In  a  constantly  Increasing  degree,  for  the 
convenience  of  mankind,  as  a  basis  and  measure  of  values,  for  which  no 
substitute  has  ever  been,  or,  have  we  reason  to  think,  ever  will  be  found. 

The  historian,  Alison,  traces  the  decline  of  the  Roman  empire  (among 
other  causes)  to  the  diminishing  product  of  the  mines  of  Spain.  On  the 
other  hand,  he  attributes  the  vigorous  advance  of  modern  civilization  in 
the  sixteenth  century,  In  no  small  degree,  to  the  vast  addition  to  the 
world's  stock  of  gold  and  silver  in  consequence  of  the  discovery  of  Amer- 
ica. There  are  not  wanting  men  of  the  highest  intelligence  on  this  sub- 
ject who  distinctly  trace  the  prosperity  of  the  whole  world  during  the 
fifth  and  sixth  decades  of  this  century  to  the  gold  and  silver  products  of 
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America  and  Australia.  And  eminent  authorities  now  attribute  the  distress 
prevailing  among  all  nations  without  exception — (happily  less  in  the  Unit* 
ed  States  than  elsewhere,  due  to  our  control  of  the  precious  metals  of  the 
world  by  means  of  our  credit  trade-balance)— to  the  gradual  and  constant 
diminution  of  the  world's  production  of  gold  during  the  past  twenty  years. 
Whatever  credence  may  be  given  to  these  opinions  —  and  it  is  believed 
that  they  have  not  been  successfully  controverted—  It  is  certainly  the  part 
of  wisdom  and  prudence  to  prevent  the  demouetlzation  of  either  of  the 
precious  metals  and  to  afford  every  practicable  fthclllty  for  extending  the 
use  of  both  silver  and  gold  money  In  proportion  as  the  expanding  busl- 
iUess  of  the  world  may  demand  or  Justify  it. 

The  power  has  been  given  In  the  Constitution  and  thereby  the  duty  im- 
posed upon  the  Government  of  the  United  States,  to  coin  money  and  reg- 
.ulate  the  value  thereof.  President  Jackson,  in  his  message  of  Dec.  6, 
1836,  says,  *^  It  was  the  purpose  of  the  Convention  to  establish  a  currency 
consisting  of  the  precious  metals."  Daniel  Webster  said  in  a  speech  quot- 
ed by  George  Bancroft  in  his  recent  *'  Plea  for  the  Constitution,  etc.," 
<*  There  can  be  no  legal  tender  In  this  country  under  the  authority  of  the 
Government  but  gold  and  silver." 

Although,  under  the  stress  of  civil  war  and  Justified  by  the  supreme  law 
of  self-pieservation,  paper  was  by  authority  of  government  made  legal 
tender,  it  may  be  confidently  asserted  that  at  no  distant  day  the  emergency 
.will  be  couhidered  the  only  ground  for  Its  Justification.  The  decision  of 
.the  supreme  court  which  declares  that  **  it  is  consistent  with  tfie  letter  and 
the  spirit  of  the  constitution**  will  then  be  reversed,  and  the  Judgment  of 
the  great  flramers  and  early  expounders  of  that  Instrument,  as  expressed 
iby  Webster,  be  Irrevocably  confirmed. 

J^o  consideration  of  the  coinage  of  silver  or  of  the  extent  to  which  It 
.may  form  part  of  the  money  of  the  country  will  be  complete  which  does 
not  contemplate  the  ultimate  withdrawal  of  legal  tender  notes  and  the  res- 
toration of  gold  and  silver  money  to  its  rightHil  place  as  the  only  consti- 
tutional legal  tender,  and  the  basis  for  all  substitutes  for  money,  such  as 
certificates  of  deposit  and  bank  notes,  which  have  been  Invented  and  be- 
come necessary  for  the  convenience  of  business. 

The  withdrawal  of  the  legal  tender  notes  would  liberate  the  reserve  fund 
of  $100,0(X),000,  now  held  by  the  treasury  to  protect  the  pledge  of  the 
government  to  redeem  the  legal  tender  notes  in  coin  on  demand.  The 
loss  incurred  by  the  redemption  of  the  notes  would  be  the  interest  on  the 
amount  of  the  notes  in  excess  of  the  reserve  held  to  protect  them.  It 
may  be  estimated  at  three  per  cent  on  9250,000,000  or  97,500,000  per  an- 
num. For  this  comparatively  insignificant  sum  the  country  would  gain 
the  advantage  of  an  absolutely  sound  metallic  legal-tender  currency—a  safe 
retreat  from  a  doubtful  construction  if  not  a  dangerous  violation  of  the  con- 
stitution —  the  substitution  In  our  currency  of  a  large  amount  of  coin  of 
International  value,  for  paper  of  no  value — a  broader  and  more  substantial 
basis  for  the  business  of  the  country  and  therefore  greater  uniformity  in 
the  supply  of  money  and  In  the  rate  of  interest,  with  a  proportionate  relief 
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fjrom  convalslve  depressions  in  the  valne  of  property  and  flrom  disasters 
in  business. 

Tlie  more  extensive  nse  of  gold  and  silver  money,  which  would  follow 
the  withdrawal  of  the  legal  tender  notes,  would  be  still  further  promoted 
by  any  diminution  of  the  issues  of  national  bank  notes.  It  seems  to  be 
conceded  that  under  the  existing  requirement  of  a  deposit  of  United  States 
bonds  to  secure  the  holder  of  bank  notes,  the  declining  rate  of  interest  on 
the  bonds  is  gradually  rendering  bank  circulation  unprofitable  except  dur- 
ing brief  periods  of  prevailing  high  rates  of  interest. 

The  tendency  of  the  money  markets  of  the  world,  with  increasing  facil* 
ities  for  transferring  money  f^om  one  country  to  another,  indicates  for  the 
future  more  uniform  and  generally  lower  rates  of  interest  in  all  important 
commercial  centres. 

It  is  therefore  probable  that  to  some  extent  the  use  of  gold  and  silver 
will  be  extended  by  the  withdrawal  of  bank  circulation.  But  it  is  not  de- 
sirable that  this  should  take  place  to  any  important  degree.  Banks  for 
local  issues  of  currency  have  become  thoroughly  incorporated  into  our 
financial  system,  and  perform  the  indispensable  function  of  regulating  the 
expansion  and  contraction  of  the  currency  in  conformity  with  the  require- 
ments of  trade.  This  important  ftinction  could  not  possibly  be  so  well 
performed  in  any  other  way,  and  certainly  no  one  could  wish  to  see  it 
transferred  to  the  control  of  the  government. 

The  use  and  circulation  of  silver  money  might  be  considerably  augment- 
ed by  paying  the  United  States  bonds  and  the  interest  as  it  accrues  thereon 
in  silver  as  well  as  gold  coin.  It  cannot  be  successfully  maintained  that 
the  outstanding  bonds  and  the  interest  thereon  may  not  rightfully  be  paid 
in  either  gold  or  silver  coin  or  certificates,  and  so  long  as  silver  coin  is 
kept  upon  a  par  with  gold  coin  interchangeable  one  with  the  other  in  the 
purchase  of  commodities  and  the  payment  of  debts,  the  value  of  the  bonds 
and  the  esteem  in  which  they  are  held  for  investments,  would  not  thereby 
be  necessarily  depreciated  either  at  home  or  abroad.  On  the  other  hand, 
the  concurrent  use  of  both  gold  and  silver  coin  in  payment  of  the  bonded 
debt  and  interest,  at  the  convenience  of  the  government,  would  tend  to 
make  the  intrinsic  value  of  the  two  metals  correspond  more  nearly  to  their 
nominal  values  in  coin  and  partially  counteract  the  efi*ect  of  the  demoneti- 
zation of  silver  in  Europe.  One  of  the  consequences  of  European  legisla- 
tion adverse  to  silver  money,  with  the  collateral  larger  demand  for  gold, 
has  been  to  augment  our  national  debt  and  the  interest  payment,  if  they 
are  required  to  be  paid  in  gold,  to  whatever  extent  it  may  be  found  that 
gold  has  appreciated  during  the  last  twenty  years.  Some  conception  of 
the  degree  of  the  appreciation  of  gold  may  be  formed  by  comparing  its 
purchasing  value  in  commodities  in  1875  and  in  1885,  although  not  all  the 
decline  in  prices  which  will  be  found  can  justly  be  ascribed  to  any  one 
cause  exclusively.  No  inconsiderable  part  of  it  is  due  to  increased  facili- 
ties for  transportation  and  improved  methods  of  manufacture.  To  con- 
tinue to  pay  our  bonded  debt  and  the  interest  thereon  in  gold  or  not  to 
pay  a  large  proportion  of  them  hereafter  in  silver  will  not  only  close  a 
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possible  use  for  silver  bat  strengthen  the  hands  of  those  goTemments 
which  have  dishonored  it,  contribate  to  the  support  of  gold  mono-metalism, 
and  thereby  augment  the  burden  of  our  national  debt. 

It  may  be  said  that  silver  money  paid  out  on  account  of  the  national  debt 
v^ould  be  immediately  returned  through  the  custom  house  and  little  in- 
creased circulation  be  thereby  obtained.  But  to  this  it  may  be  replied  that 
silver  money  paid  in  this  way  will  remain  in  circulation  as  long  as  if  paid 
out  in  any  other  way ;  and  as  long  as  any  other  kind  of  money  would  re- 
main in  circulation ;  the  length  of  time  will  be  determined  not  by  the  qual- 
ity of  the  coin  so  long  as  parity  is  maintained,  but  by  the  prevailing 
requirements  of  business.  All  kinds  of  money  including  not  only  gold  and 
silver,  but  their  substitutes,  national  notes,  bank  bills,  certificates,  both 
gold  and  silver,  in  times  of  stagnation  In  business,  are  accumulated  in  the 
treasury  and  in  public  and  private  banks,  lying  idle  and  unproductive,  be- 
cause the  diminished  business  of  the  country  cannot  use  them  profitably. 

It  is  therefore  no  objection  to  the  use  of  silver  money  or  to  the  law 
which  provides  for  coining  it,  that  a  large  amount  of  it  lies  in  the  vaults  of 
the  treasury,  or  that  it  is  impossible  to  keep  In  circulation  all  that  has  been 
coined. 

The  issue  of  certificates,  limited  by  law  to  actual  deposits  of  sliver  coin, 
Is  one  of  the  least  objectionable  and  most  efiVsctive  means  to  promote  the 
use  of  silver  money.  It  has  the  advantage  of  allowing  the  use  of  large 
sums  without  burden  and  the  ftirther  advantage  of  saving  the  loss  by  abra- 
sion which  follows  the  use  of  the  coin  itself.  It  also  gives  to  the  govern- 
ment the  benefit  arising  Arom  the  loss  of  certificates,  which  will  inevitably 
amount  to  a  considerable  sum,  and  probably  sufllclent  to  cover  the  cost  of 
storing  the  coin  and  Issuing  the  certificates. 

To  what  extent  silver  money  may  be  Issued,  either  In  coin  or  by  certifi- 
cates of  deposit,  consistently  with  the  concurrent  use  of  gold  coin,  can  only 
be  determined  by  experience. 

The  existing  conditions  governing  the  solution  of  this  problem  have 
never  prevailed  before,  and  they  are  changing  from  day  to  day.  Among 
them  may  be  considered  the  volume  of  the  world's  business,  its  activity, 
the  facilities  and  methods  of  local  and  international  intercourse,  the  con- 
trivances for  the  substitution  of  credits  for  money,  the  action  of  foreign 
governments,  the  changing  customs  of  trade  in  Asiatic  countries,  the  in- 
creasing demand  for  sliver  in  those  countries  as  their  population  and  trade 
increase,  and  the  growing  home  demand  which  would  follow  the  abandon- 
ment of  paper  legal- tender,  the  reduction  of  bank  Issues,  and  the  use  of 
silver  coin  or  certificates  in  psyment  of  the  national  debt. 

The  policy  of  the  nation  on  this  question  is  therefore  tentative,  involv- 
ing in  its  successful  management  an  intelligent  study  of  all  the  conditions 
which  control  it,  and  a  broad  and  liberal  view  of  our  national  interests. 

The  experience  of  other  countries  justifies  the  conclusion  that  a  much 
larger  amount  of  silver  money  may  be  used  advantageously  In  the  United 
States  than  Is  now  used.  Not  only  France,  which  employs  more  than  twice 
as  much  silver  money  as  this  country,  but  Germany,  which  is  preeminent- 
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ly  hostile  to  silver,  and  other  Important  nations  furnish  evidence  that  the 
amount  of  silver  money  in  use  here  is  far  below  the  capacity  of  our  peo- 
ple to  employ  with  advantage.  The  rapid  growth  of  our  population  also, 
of  necessity,  demands  an  increasing  amount  of  money  in  circulation  and 
especially  that  kind  of  money  which  passes  firom  hand  to  hand  in  small 
sums.  This  is  peculiarly  the  province  of  silver  money.  The  facilities  of- 
fered by  modern  suustitutes  for  money,  such  as  checlcs  and  bills  of  ex- 
change, serve  the  needs  of  large  business  transactions,  and  of  the  great 
bullc  in  value  of  the  exchanges  of  the  country.  But  they  are  not  available 
in  the  daily  transactions  of  the  wage  earners  and  of  those,  numerically 
the  greater  part  of  the  people,  who  keep  no  bank  accounts. 

The  field  for  the  use  of  silver  money  is  capable  of  great  enlargement 
as  population  increases,  and  a  country  like  ours,  covering  a  vast  area  and 
sparsely  settled,  requires  a  larger  per  capita  amount  of  silver  money  in 
circulation  than  smaller  and  more  thickly  settled  countries  where  the 
people  have  readier  access  to  the  conveniences  of  modern  commercial  life. 

It  would  appear,  therefore,  that  financial  legislation  in  the  United  States 
should  aim  to  increase  the  demand  and  the  use  for  gold  and  silver  money 
throughout  the  country  and  to  expand  its  volume  in  proportion  to  the 
growth  of  population  and  business.  It  should  also  encourage  the  free  is- 
sue of  national  bank  currency  under  similar  rules  to  those  which  now  pre- 
vail to  secure  the  holders,  and  facilitate  the  easy  and  rapid  expansion  and 
contraction  of  its  volume  in  harmony  with  the  fluctuating  requirements  of 
trade. 

Such  a  policy,  intelligently  and  persistently  followed,  wonld  give  to  the 
country  a  broad,  substantial  basis  of  metallic  legal  tender  for  itH  business 
transactions,  and  through  the  national  bank  currency  ftirnish  the  means  to 
maintain  easily  that  equilibrium  between  the  demand  and  the  supply  of 
money  which  is  essential  to  continuous  national  prosperity. 


The  parity  of  moneys  as  regarded  by  Adam  Smith,  Ricardo  and 
Mill.    By  S.  Dana  Horton. 

[abstract.] 

This  paper  was  prepared  in  May,  1888,  as  an  open  letter,  answering  a 
question  of  a  member  of  the  English  Royal  Commission  on  Gold  and  Silver. 

This  Commission  consists  of  twelve  members,  men  of  great  distinction 
and  competence,  including  prominent  members  of  either  House  of  Parlia- 
ment, and  has  been  engaged  for  two  years  in  an  inquiry  into  the  whole 
matter  of  gold  and  silver  money,  the  evils  of  the  present  situation,  whether 
affecting  England  or  India,  and  the  possible  remedies  for  these  evils.  The 
principal  proposition  for  permanent  amendment  of  the  present  disturbed 
monetary  situation  of  the  world  is  that  of  a  triple  or  quadruple  alliance  of 
the  great  monetary  powers,  to  assure  equality  before  the  law  to  the  two 
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money-metals.  This  remedy  was  first  projected  in  Europe  and  America,  in 
1676,  when  the  great  breach  of  parity  between  silver  and  gold  occurred. 
A  treatise  of  that  year  **Silver  and  Gold"  (R.  Clarke  &  Co.,  Cincinnati),  by  ^ 

the  author  of  this  paper,  established  In  his  view  the  conclusion  that  it  was 
the  interest  of  each  nation  to  promote  such  a  mintage  union,  and  that  it 
was  in  the  power  of  the  United  States  to  assist  materially  in  bringing  about 
its  establishment.  This  policy  was  in  the  end  adopted  by  Congress.  Free 
coinage  of  silver  was  defeated  by  the  Alison  amendment  of  the  original 
"Bland  Bill"  and  the  second  section  of  the  act  of  February  28,  1878,  invited 
the  nations  to  a  conference  on  the  subject.  Subsequent  acts  reaffirmed  this 
attitude.  'The  history  of  the  monetary  conferences  of  1878  and  1881  Is  fa* 
miliar.  Failing  of  Immediate  success  in  one  sense,  they  exerted,  and  still 
exert,  Influence  as  a  means  of  educating  the  nations  to  work  together. 
They  remain  a  power,  also,  through  the  literature  they  called  into  exist- 
ence, Including  their  reports,  repositories  of  knowledge,  which  have  been 
gratoitoasly  distributed  throughout  the  world. 

In  Europe  the  Issues  connected  with  the  proposal  of  the  United  States 
have  been  the  object  of  thoughtilil  study,  and  the  occasion  of  a  widespread 
revision  of  economic  doctrine  In  which  earnest  representatives  of  the  pol- 
icy of  the  conferences  have  taken  an  important  part. 

The  present  paper  Is  the  latest  of  a  close  succession  of  works  fh>m  the  ^ 

same  author  bearing  upon  this  question.  It  deals  with  the  central  point  of 
Interest  and  of  debate,  which  unite  or  engage  all  who  think  or  speak  of  the 
silver  question.  Indeed,  the  parity  of  silver  and  gold  makes  up  in  one 
sense  the  sum  of  the  whole  matter.  Monetary  controversy  since  the  panic 
of  1873  is,  in  fact,  but  a  story  of  parity,  a  question  of  parity  once  enjoyed, 
and  of  Its  loss — about  1878.  When  is  It  to  be  regained?  According  to  the 
delegates  of  the  United  States  (of  1878  and  1881),  it  is  to  be  regained  when 
England  shall  be  converted  to  see  her  own  Interest,  and  join  the  other  na- 
tions In  restoring  it.  When  this  occurs  the  number  of  great  powers  re- 
quired to  make  the  alliance  for  Intermetalllc  parity  will  have  been  made  up. 

It  thus  appears  that  the  question  addressed  to  Mr.  Horton  provokes  a 
heari^ng  of  argument  on  the  main  issue,  before  a  court  of  high  Jurisdiction. 

Is  it  clear  that  the  power  of  government  goes  to  the  extent  of  enabling  them 
to  establish  a  stable  ratio  between  silver  and  goldf 

In  his  affirmative  answer,  the  writer  puts  aside,  as  trivial  and  visionary,  J 

reasoning  which  the  public  has  been  wont  to  hear  reiterated  in  support  of  , 

the  negative.  Much  of  this  reasoning,  It  appears,  grows  out  of  confusion 
between  the  economic  and  the  political  sides  of  the  question.   His  affirma-  i 

tive  applies  to  the  question,  as  an  economic  question,  and  Is  stated  In  terms 
of  the  law  of  snpply  and  demand.  Parity,  he  says,  is  the  Inevitable  result 
of  a  wise  regulation  of  demand  operating  upon  a  limited  supply.  The  sup- 
ply of  gold  and  sliver  is  limited  by  their  nature ;  what  Is  needed  are  appro- 
priate laws  of  nations  to  regulate  their  relative  demand;  that  is  to  say, 
laws  which  give  equality  to  the  metals  in  their  character  as  money,  equal- 
ity of  legal  privilege.  Let  the  chief  nations-— including  England,  under  the 
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advice  of  the  royal  commission  —  adopt  these  laws  and  the  thing  Is 
done. 

The  only  directly  opposing  arguments,  to  which  the  writer  gives  atten- 
tioDf  are  those  which  tend  to  **conjnre  np  in  some  minds  a  mirage  aboat 
the  limits  of  supply."  These  arguments,  he  avers,  belong  to  the  order  of 
gratuitous  prophecies.  The  annual  Increment  of  the  stock  of  silver  and 
gold  always  has  been  a  minute  fraction  of  the  stock  already  in  men's  hands : 
and  there  is  no  ground  for  supposiug  it  will  be  anything  more. 

He  then  approaches  his  main  theme  which  relates  to  the  point  of  clear- 
ness.  "How  does  it  come  to  pass  that  doubt  can  exist  on  a  point  so  sim- 
ple and  so  clear  as  that  parity  can  be  so  produced  and  maintained." 

The  doubt  has  existed  in  great  force,  and  still  exists  in  some  measure. 
Why  is  this?  There  must  be  some  cause  at  work  to  blind  the  minds  of 
the  learned,  so  that  evidence  and  argument,  such  as  that  already  adduced, 
are  not  appreciated. 

It  is  all  the  more  strange  that  doubt  should  exist  when  we  observe  its 
habitat.  England,  for  example,  is  the  scene  of  a  series  of  remarkable  par- 
ities. Ample  instances  of  limited  supply  and  of  legal  regulation  of  de- 
mand are  in  sight  in  England.  Parity  extends  from  bronze  pennies  to  silver 
shillings,  gold  sovereigns,  small  notes,  large  notes  and  bullion.  Nowhere 
is  there  a  breach  of  the  parity.  And  yet  the  doubt  exists  about  the  possi- 
bility of  parity  between  silver  and  gold  in  spite  of  the  fkct  that  the  very 
basis  of  discussing  that  possibility  is  a  proposed  legal  regulation  of  de- 
maud,  which  shall  be  coextensive  with  the  larger  field  in  which  the  money 
metals  are  used. 

What  is  the  source  of  this  doubt?  It  must  be  traced  in  the  teaching  of 
the  leaders  of  economic  thought ;  there  must  be  a  fashion  of  incorrect 
thinking  about  money  and  monetary  laws  and  about  the  demand  they  reg- 
ulate. Hence  the  review  of  the  ideas  of  Adam  Smith,  Rlcardo  and  Mill 
about  parity. 

They  wrote  while  sliver  and  gold  were  equally  money,  while  phenome- 
nal Intermetalllc  parity  was  maintained  by  equalizing  laws.  But  no  efibrt 
had  been  made  to  ostracize  one  of  the  metals,  and  hence  they  were  not  im- 
peratively summoned  to  Investigate  the  cause  of  this  parity.  They  omitted 
to  Investigate  the  question.  They  took  silver  and  gold  for  what  they  were 
worth,  without  curiously  asking  the  why  and  wherefore.  Hence  certain 
flaws  in  their  teaching.  In  their  action  as  political  advisers  about  money, 
they  were  In  a  general  way  well  disposed  to  both  metals.  But  in  their 
doctrine,  in  the  monetary  department  of  their  systems  of  economic  knowl- 
edge, defects  appear.  There  is  a  lack  of  cohesion  or  junction  between 
parts.  The  principles  of  monetary  law,  the  nature  of  the  Institution  of 
money,  are  slighted ;  and  it  is  from  this  standpoint  alone  that  the  phenome* 
non  of  parity  can  be  understood. 

These  defects  are  a  natural  outgrowth  of  circumstances.  Modem  econ- 
omy arose  as  a  reaction  against  an  earlier  system  of  economic  learning, 
which  is  known  since  Adam  Smith's  day  as  the  Mercantile  or  Commercial 
System.  The  central  Idea  of  this  system  was  that  national  wealth  con- 
sisted in  national  money ;  the  important  thing  was,  not  the  capital  and  the 
labor,  not  the  savings  and  the  skill  of  the  citizens,  but  the  cash  they  held. 
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This  being  the  ancient  view,  it  appears  that  gold  and  silver  were,  so  to 
speak,  in  the  Tery  citadel  of  that  doctrine  of  state  interference,  which 
Smith  and  his  successors  sought  to  overthrow  and  destroy.  By  a  natural 
exasrgeration  all  monetary  law  was  drawn  into  the  strugc^ie,  and  a  certain 
neglect  of  it,  or  even  antipathy  for  it,  was  generated,  which  extended  it- 
self to  the  present  day.  In  earlier  days  little  practical  harm  came  from  this 
neglect ;  the  thinker's  good  sense  being  a  safeguard  against  the  error  of  his 
theory.  The  harm  came  when  disciples  proceeded  to  build  their  schemes 
of  governmental  action  upon  the  oversights  of  the  masters. 

It  is  this  process  which  the  writer  seeks  to  expose  and  to  check. 

In  a  critical  review  of  representative  passages  (of  the  works,  especially, 
of  Ricardo  and  Mill)the  writer  presents  evidence  of  the  defects  thus  point- 
ed out.  These  evidences  are  brought  in  contrast  with  what  he  has  ftom 
time  to  time  advanced  as  the  main  generalization  upon  which  amendment 
of  the  doctrine  of  the  older  economist  must  be  based.  The  tendency  in 
the  past  has  been  to  dwell  exclusively  upon  one  phase  of  money,  namely 
Voluntary  Payment,  while  what  he  names  the  Institution  of  Obligatory 
Payment  has  to  an  important  extent  been  ignored.  Yet  the  latter,  he  avers.is 
as  it  is  always  has  been,  a  vital  factor  in  civilization ;  the  power  of  the  state 
to  establish  and  regulate  money  is  a  power  always  essential  to  the  life  of 
the  state.  It  is  because  they  lacked  this  legitimate  foundation  of  princi- 
ple that  the  accredited  systems  of  knowledge  about  money,  as  set  forth  in 
economic  treatises,  have  been  largely  infected  with  the  unpractical  or  the 
visionary.    They  are,  as  it  were,  honeycombed  with  metaphors. 

Witness  the  popularity  of  the  fallacy  '*  Trade  in  Barter,"  or  of  the  de- 
ceptive analogy  between  the  pound  sterling  and  the  pound  Troy  or  the 
imperial  gallon. 

This  flaw  in  economic  theory  has  tended  to  incapacitate  the  mind  from 
accurately  weighing  the  evidence  and  argument  which  establish  the  cer- 
tainty that  parity  of  the  metals  can  be  maintained  by  concurrent  laws  of 
nations.  But  for  the  little  that  remains  of  this  unpractical  and  visionary 
element  among  the  representatives  of  science  the  economic  question  is 
everywhere  settled. 

The  political  question  remains.  But  It  must  no  longer  wear  the  robes 
of  science ;  it  must  appear  in  its  proper  character  as  a  political  question. 

Will  the  leading  nations  of  Europe  pass  the  laws,  the  principle  of  which 
the  United  States  proposed  for  their  consideration  in  1878  and  1881  ?  Upon 
this  question  the  world  awaits  the  action  of  the  British  Boyal  Commission 
on  Gold  and  Silver,  and  of  the  British  Parliament. 


Thb  food  supply  of  thb  future  and  the  doctrinb  of  Malthus.    By 
Prof.  W.  O.  Atwatibr,  Middletown,  Conn. 

[abstract.] 

Thb  current  ideas,  area  and  soil  production  are  based  npon  agricultural 
experience.  Modern  science  is  showing  that  the  fertility  of  the  soil  as  or- 
dlnarily  tilled  is  not  the  necessary  limit  of  Its  capacity  to  produce  plants. 


i 
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Thi8  latter  is  really  conditioned  upon  the  supply  of  plant  food  and  of  water 
which  reduces  Itself  to  the  questions  of  the  supply  of  energy  for  the  trans- 
port of  plant  food  and  water  and  that  of  nitrogen  as  plant  food.  The  indi- 
cations are  that  with  increased  density  of  population  there  will  come 
increased  utilization  of  energy  and  of  atmospheric  nitrogen  and  that  the 
production  of  plant  food  will  be  adequate  to  the  demands  of  the  race  for 
the  indefinite  ftiture. 


The  agricultural  surplus.    By  J.  R.  Dodge,  Washington,  X).  C. 

[ABSTRACT]. 

A  DISTINGUISHING  peculiarity  of  the  United  States  is  that  it  is  a  country 
of  surplus.  It  has  a  surplus  of  productive  resources  in  soil  and  mine,  in 
invention  and  enterprise,  in  self-reliance  and  self-assertion.  It  has  a  sur- 
plus of  national  revenue  without  the  consciousness  of  burden,  and,  of  late, 
almost  without  a  prospect  of  reduction.  There  is  also  a  surplus  of  rural 
production  in  larger  proportion  to  total  volume  than  that  of  any  country 
in  the  world.  It  is  an  element  of  strength  and  weakness,  and,  at  the  same 
time,  is  a  subject  for  congratulation  and  regret.  The  congratulation  is 
found  in  ability  to  relieve  the  deficiencies  of  needy  nations  while  swelling 
the  plethora  of  domestic  wealth ;  the  regret  is  for  the  tendency  to  over- 
production of  certain  crops,  and  its  inevitable  result.  This  is  the  reduc- 
tion of  prices  for  the  benefitof  the  foreign  purchaser  without  any  advantage 
to  the  producer.  Very  few  people  know  the  extent  of  our  net  surplus  in 
agriculture.  Almost  every  one  exaggerates  it.  An  Ohio  economist  and 
politician  once  said  that  for  a  quarter  of  a  century,  one-fourth  of  the  prod- 
ucts of  agricultural  labor  of  the  United  States  have  been  exported.  It  was 
an  absurd  and  grotesque  misunderstanding,  and  yet  it  has  been  repeated 
on  the  floors  of  Congress.  The  real  proportion  is  about  one-tenth.  The 
error  arose  from  two  causes.  The  sum  of  production  was  taken  from 
census  tables,  that  give  little  else  than  the  results  of  arable  culture,  not 
including  the  meats  and  many  other  articles,  and  it  was  only  about  sixty 
per  cent  of  the  true  aggregate  of  production.  But  this  blunder  was  not 
the  only  one.  The  value  of  the  product  is  that  of  farm  prices,  while  the 
exports  are  reckoned  at  export  prices,  the  value  at  the  seaboard,  and 
not  that  of  the  farms.  While  the  export  value  of  this  surplus  exceeds 
$500,000,000,  it  was  actually  worth  to  the  farmer  less  than  $400,000,000. 
This  is  the  size  of  the  surplus.  But  there  Is  another  side  of  the  question. 
There  is  a  deficiency  as  well  as  a  surplus.  Suppose  we  take  the  latter 
from  the  former  and  find  the  net  surplus ;  find  what  remains  after  paying 
for  food  and  drinks  which  we  obtain  fi-om  other  lands.  The  imports  of 
1886-7  amounted  to  $287,542,266.  This  was  foreign  value,  to  which  must 
be  added  the  cost  of  transportation,  commissions,  and  profits  to  ob- 
tain the  value  on  our  shores,  which  must  be  something  like  $350,000,000. 


880  SBcnoK  I. 

Thus  we  have  a  snrplas  soflSclent  to  pay  for  oar  deficiency,  and  little  more. 
This  Is  the  net  result  of  oar  boast  of  feeding  the  nations.  We  feed  them 
Jast  a  little  more  than  they  feed  as.  The  lesson  we  learn  from  these  facts 
Is  that  no  nation  can  afford  to  have  a  deficiency  of  the  raw  products  of 
agricQltnre,  and  as  a  rule,  nations  do  not.  There  Is  one  notable  exception, 
and  that  Is  more  apparent  than  real.  Great  Britain  seems  to  have  a  large 
deficiency.  Really,  It  Is  largely  made  good  by  shipments  ftom  her  own  col- 
onies of  the  dividends  of  her  own  capital  under  the  technical  name  of  Im- 
ports. Our  agriculture,  therefore,  should  seek  to  supply  deficiencies  rather 
than  to  swell  surplus  crops ;  to  meet  the  present  wants  of  domestic  mar- 
kets and  create  new  wants  by  a  greater  variety  of  edible  products,  espe- 
cially the  fruits,  and  afterwards  supply  any  deficiency  of  foreign  nations 
that  is  practicable  or  possible. 


The  Nicaragua  canal  :  its  grneral  fkatures  and  thk  results  antic- 
ipated FROM  ITS  construction.  By  H.  C.  Taylor,  Commander 
U.  S.  N.,  34  Wall  St,  New  York. 

[ABSTRACT.] 

It  is  now  a  year  since  you  were  last  addressed  by  us  on  the  subject  of 
the  Nicaragua  canal.  Soon  after  the  adjournment  of  your  meeting  of  1887 
our  company  began  the  preparation  and  outfitting  of  a  surveying  expedi- 
tion, the  work  of  which,  now  complete,  has  been  of  the  most  careful  and 
detailed  character.  I  believe  no  large  enterprise  has  ever  been  approached 
and  prepared  for  with  more  careful  attention  or  in  more  minute  detail. 
While  this  expedition  has  been  achieving  excellent  results  In  Nicaragua, 
preparntion  has  been  actively  carried  on  in  this  country  and  Europe,  and 
the  interest  aroused  has  been  correspondingly  great  and  widespread. 
There  is,  therefore,  much  that  Is  new,  both  in  the  engineering  features  and 
in  other  aspects  of  the  enterprise,  which  should,  we  believe,  be  brought 
before  the  association. 

The  late  Mr.  £.  6.  Squier,  author  of  a  well-known  work  on  Nicaragua, 
adopted  this  line  fVom  Ovid  for  the  title-page  of  his  book,  as  a  poetic  char- 
acterization of  the  Nicaraguan  route  for  an  inter-oceanlc  canal : 

Bic  locua  eat  gemini  janua  vasta  maris —  **Thls  place  Is  the  vast  gate  of 
the  twin  sea."  The  Image  Is  a  very  happy  one.  Here  the  great  cordillera 
which  traverses  the  American  continent  from  end  to  end  sinks  to  Its  least 
elevation  In  the  valley  of  the  San  Juan  River.  Between  these  mountains, 
bearing  southeast  ftom  the  Honduran  frontier,  and  the  coast  range,  skirt- 
ing the  west  shore,  of  which  Mr.  Squler  makes  mention  as  **the  undulat- 
ing hills  and  ridges  of  land  which  intervene  between  the  Lake  and  the  Pa- 
cific,"— a  basin  Is  formed  covering  an  area  of  2600  square  miles.  This  Is 
the  Lake  of  Nicaragua,  one  hundred  miles  long  and  forty  wide,  and.  In 
places  half  a  hundred  fathoms  deep.    It  drains  a  watershed  of  8000  square 
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miles  and  has  a  mean  flow  of  1,272,153,600  cubic  feet  per  day.  From  east 
to  west  along  the  sailing  line  of  the  proposed  inter-oceanic  canal  It  carries 
a  channel  deep  enough  to  float  the  largest  ships.  Its  level  is  a  little  more 
than  one  hundred  feet  above  the  ocean,  and  is  subject  to  no  material  vari- 
ations. Some  of  the  streams  falling  into  it  Irom  the  north  are  of  consid- 
erable size,  and  furnish  a  supply  of  water,  in  excess  of  evaporation,  which 
could  not  be  sensibly  afi^ected  by  drains  for  artificial  purposes. 

The  San  Juan  lilver,  flowing  into  the  Caribbean  Sea,  is  the  only  outlet 
of  this  great  Lake.  Together  the  lake  and  river  will  form  more  than  three 
quarters  of  the  total  mileage  of  the  canal.  The  utilization  of  natural  ba- 
sins and  the  creation  of  artificial  ones,  in  the  valleys  of  the  San  Francisco, 
the  Tola,  and  the  Deseado,  will  afford  such  additional  free  navigation  as 
to  leave  little  more  than  one-sixth  of  the  total  distance  to  be  excavated  In 
order  that  this  **  vast  gate  of  the  twin  sea"  may  be  thrown  open  to  the 
ships  and  the  commerce  of  the  world. 

The  axis  of  the  San  Juan  valley  is  nearly  east  and  west.  Across  this 
depression  and  along  the  route  of  the  canal  the  trade-winds  blow  almost 
throughout  the  year,  favoring  the  entrance  and  exit  of  vessels,  ventilating 
and  drying  the  land,  and  lowering  the  temperature.  The  Atlantic  siepe  of 
Nicaragua  is  densely  wooded,  which  keeps  the  ground  comparatively  cool. 
Here  the  warm  winds,  having  their  temperature  suddenly  reduced,  deposit 
their  moisture.  Over  the  lake  basin,  and  the  dryer  country  on  the  west, 
their  temperature  is  raised,  and  instead  of  depositing  they  take  up  moist- 
ure. Hence  the  difference  in  climate  between  the  east  and  west  sides,  — 
the  latter  being  almost  rainless  from  November  to  May.  The  sky  is  usu- 
ally cloudless  during  this  dry  season,  and  trifling  showers  fall  only  at  rare 
intervals. 

The  temperature  of  Nicaragua  is  equable.  Observations  of  the  ther- 
mometer for  eight  months  trom  July  to  March  showed  a  maximum  of  87^ 
and  a  minimum  of  71^.  The  extreme  variation  is  about  20°  and  the  mean 
variation  about  10°.  The  effect  of  the  diy  season  has  been  likened  to  that 
of  a  northern  winter,  checking  and  destroying  the  ephemeral  vegetation 
which  is  continually  renewed  where  rains  are  constant.  During  more  than 
six  months  that  the  recent  canal  survey  was  prosecuted,  the  entire  force, 
numbering  nearly  200  men,  enjoyed  remarkable  immunity  f^om  disease  of 
every  kind.  The  most  and  the  hardest  work  was  on  the  easiern  division, 
in  the  valley  of  the  San  Juan,  or  that  portion  of  the  line  which  might  have 
excited  apprehension  on  account  of  the  heavy  rainfall  and  the  alluvial  soil. 
A  powerful  modifying  influence  on  this  river  is  the  circumstance  that  the 
great  expanse  of  Lake  Nicaragua  makes  rise  and  fall  very  gradual,  and  as 
the  river  is  only  an  outlet  of  the  lake,  and  receives  no  tributary  of  conse- 
quence above  the  San  Carlos,  it  is  not  subject  to  floods  and  sudden  changes 
of  level,  which  might  leave  conditions  favorable  for  the  development  of 
malaria. 

The  line  of  the  proposed  canal  will  lie  entirely  within  the  boundaries  of 
Nicaragua  and  Costa  Rica,  and  the  people  and  governments  of  these  Re- 
publics show  a  keen  and  active  interest  in  the  progress  of  the  undertak- 
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ing.  Goatemala,  San  Salvador  and  Hondnras  are  also  awakening:  to  the 
fact  that  an  enterprise  of  momentous  Import  to  their  welfare  has  been  In- 
augurated. Contractors  experienced  In  the  construction  of  public  works 
in  Central  America  have  given  the  assurance  that  thousands  of  natives, 
accustomed  to  the  climate  and  amenable  to  discipline,  can  be  obtained  for 
the  construction  of  the  canal  when  required.  The  recent  experience  of  Its 
engineers,  with  native  laborers  and  men  from  the  West  Indies,  has  demon- 
strated  that  the  labor  problem  will  interpose  no  obstacles  to  the  progress 
of  the  work. 

Suitable  timber,  stone,  lime,  clay,  sand  and  gravel  for  construction  pur- 
poses abound  along  the  line  of  the  canal.  With  palm  leaves  for  thatching, 
temporary  shelter  can  be  anywhere  improvised  in  a  short  time.  The  cane 
huts  of  the  natives  are  admirable  for  ventilation  and  for  the  coolness  of 
their  thatched  roofs.  More  substantial  structures  can  be  erected  according 
to  the  necessity  for  their  permanency,  at  little  other  expense  than  that  of 
handling  the  material.  The  country  affords  a  supply  of  all  necessaiy  pro- 
visions,— beef,  poultry,  rice,  beans,  coffee,  chocolate,  sugar,  fruits,  vegeta- 
bles, etc.,  so  that  little  else  than  tools  and  machinery  need  to  be  imported 
for  the  work. 

Such  is  the  location  of  the  projected  ship  canal  l^om  Grey  town  to  Brlto, 
and  such  the  natural  conditions  along  its  Immediate  Hue  of  route.  The  en- 
gineers' estimates  of  the  cost  of  construction  include  the  electric  lighting 
of  the  canal,  the  lighting  and  buoying  of  the  harbors  and  the  lake,  and  rail- 
roads from  the  lake  to  the  Pacific  and  fVom  Greytown  to  Ochoa,  which, 
with  lake  and  river,  will  form  an  immediate  translsthmlan  connection  and 
furnish  facilities  for  communication  and  for  transponlng  material  during 
the  period  of  construction. 

The  survey,  the  results  of  which  are  now  in  our  possession,  was  not  a 
preliminary  nor  an  experimental  one.  It  was  an  exhaustive  scientific  ex- 
amination of  a  definite  line,  and  the  result  has  been  referred  to  by  the 
leading  engineering  journal  of  America  as  "a  more  accurate  topographical 
map  of  that  part  of  Nicaragua  than  exists  to-day  of  the  State  of  New  York, 
excepting  Coast  Survey  maps."  All  diflScult  portions  were  cross- sectioned 
at  intervals  of  100  feet,  and  all  of  the  work  was  plotted  on  a  scale  of  400 
feet  to  the  inch,  with  10  feet  contours.  As  Is  well  known,  the  Nicaragua 
route  has  been  snrveyed  repeatedly  In  past  years,  so  that  the  work  of  lo- 
cation Just  completed  was  performed  under  most  favorable  conditions  for 
thoroughness  and  accuracy.  The  route  Itself  was  approved,  daring  the 
presidency  of  General  Grant,  as  the  best  and  most  practicable  known 
route  for  a  ship  canal  through  the  American  Isthmus,  by  a  Government 
Commission  consisting  of  the  Chief  of  Engineers  of  the  United  States  Army, 
the  Chief  of  the  Bureau  of  Navigation,  and  the  Superintendent  of  the  U. 
S.  Coast  Survey,  after  a  technical  examination  extending  over  several 
years,  of  the  whole  subject  of  inter-oceaulc  communication. 

A  contract  was  entered  into  In  April,  1887,  by  the  i*epubllc  of  Nicaragua 
with  an  association  organized  in  New  York,  which  secures  to  the  latter 
exclusive  right  of  way  for  the  construction  of  the  canal.    A  bill  to  incor- 
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porate  the  **  Maritime  CaDal  Company  of  I^icaragaa,"  for  the  purpose  of 
carrying  that  contract  into  effect  passed  the  United  States  senate  in  Feb- 
ruary of  this  year,  by  a  vote  of  thirty-eight  ayes  and  fifteen  noes.  In  re- 
porting this  bill  favorably  to  the  House  of  Representatives,  the  Committee 
on  Commerce  said :  **The  association  asking  Congress  for  a  charter  has 
secured  fVom  the  Government  of  l^icaragua  a  most  liberal  concession,  al- 
lowing a  period  of  two  years  and  a  half  within  which  to  commence  opera- 
tions, a  grant  of  a  million  acres  of  land,  and  Immunity  from  taxation,  im- 
posts and  duties  for  a  period  of  ninety-nine  years.  .  .  .  Your  Committee 
is  ftilly  satisfied  as  to  the  financial  standing  of  the  Association." 

If  to-day  the  canal  were  open  for  the  passage  of  ships,  It  is  estimated 
that  four- and- a-half  million  tons  of  traffic  would  be  ready  at  once  to  avail 
of  it.  M.  Paul  Leroy-Beanlleu,  the  eminent  French  political  economist 
and  statistician,  in  an  article  published  in  February,  1888,  placed  at  that 
figure  the  trafQc  between  the  Atlantic  and  Pacific  oceans,  within  the  zone 
of  attraction  of  an  American  inter-oceanic  waterway.  Of  this  amount,  sta- 
tistics of  the  three  great  ports  of  San  Francisco,  Callao  and  Valparaiso, 
for  the  year  1885,  alone  showed  a  total  of  two-and-a-half  million  tons.  Of- 
ficial figures  of  the  Bureau  of  Statistics  of  the  U.  S.  Treasury  Department 
and  harbor  returns  of  the  fVee  ports  of  Panama  and  Colon,  the  termini 
of  the  trans-Isthmian  railway  confirm  M.  Leroy-Beanlieu*s  estimate  with 
remarkable  exactness.  The  tonnage  of  the  ports  of  Colon  and  Panama 
amounted  in  1885  to  1,217,685  tons.  For  the  year  ending  June  80,  1887, 
according  to  the  U.  S.  Bureau  of  Statistics,  the  trade  of  the  Pacific  ports 
of  the  United  States  with  home  and  foreign  ports  oil  the  Atlantic  was 
1,025,557  tons.  For  the  same  period  the  trade  between  Atlantic  ports  of 
the  United  States  and  foreign  countries  west  of  Cape  Horn  was  752,585 
tons.  Statistics  of  Great  Britain,  Germany,  France,  Belgium,  Holland, 
Italy,  and  Spain  (those  of  Russia,  Austiia,  Denmark,  Norway  and  Swe- 
den not  being  available),  place  the  trade  of  those  countries  around  Cape 
Horn  In  1886  at  1,471,899  tons,  and  the  trade  of  British  Columbia  with 
Europe  In  1886  was  89,818  tons. 

The  total  is  4,507,044  tons.  The  existing  traffic  within  the  zone  of  at- 
traction of  a  canal  through  the  American  Isthmus  may  therefore  safely  be 
stated  at  this  amount,  whereof  more  than  half  is  commerce  of  our  own 
Atlantic  and  Pacific  ports.  The  Suez  Canal  was  opened  In  1869,  and  Its 
net  tonnage  in  1870  was  486,609  tons.  In  188S  it  was  5,775,861  tons,  and 
receipts  of  a  million  dollars  the  first  year  were  swollen  to  913,702,413.  It 
is  true  that  the  business  of  1883  was  the  high-water  mark  for  the  Suez 
Canal  and  that  Its  traffic  has  not  maintained  the  previous  rate  of  develop- 
ment. But  that  state  of  things  results  from  facts  and  circumstances  which 
increase  the  favorable  outlook  of  the  American  canal  when  compared  with 
its  Egyptian  forerunner.  In  1883  the  Suez  traffic  reached  the  limit  of  the 
canal's  capacity,  and  began  to  be  seriously  delayed  by  the  inadequate  di- 
mensions of  the  passage-way  and  the  insufficient  number  of  the  turn-outs. 
The  depth  was  twenty-six  feet  and  the  width  on  the  bottom  seventy- two 
feet,  the  surface  width  varying  from  190  to  330  feet.    Vexatious  delays, 
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dae  to  the  grounding  of  yessels  in  turning  the  sharp  curves  and  in  going 
in  and  out  of  the  sidings,  interfered  with  the  traffic  so  much  and  so  often 
as  ultimately  to  arrest  its  growth.  The  matter  became  so  serious  that  a 
second  canal  was  proposed  by  the  British  ship-owners,  and  the  Suez  Com- 
pany was  compelled  to  begin  operations  for  deepening  and  widening  the 
channel,  and  these  are  now  in  progress.  The  depth  and  the  sectional  area 
of  all  except  a  small  portion  of  the  Nicaragua  canal  will  considerably  ex- 
ceed those  of  Suez,  whUe  In  the  lake,  the  San  Juan  river  and  the  basins, 
its  width  will  permit  vessels  to  pass  each  other  at  their  ordinary  sea-going 
speed.  Of  the  canal  In  excavation,  all  except  a  short  stretch  between  the 
locks  and  in  the  rock  cut,  will  have  such  width  that  vessels  In  transit  can 
pass  eacli  other  without  inconvenience.  The  capacity  of  the  canal  will 
be  at  least  twenty  million  tons  per  year,  and  could  be  doubled,  If  necessary, 
by  duplicating  the  locks. 

Another  element  which  restricts  the  growth  of  the  Suez  Canal  traffic  is 
that  It  Is  limited  to  steamships.  The  physical  conditions  and  erratic  weath- 
er on  a  part  of  that  route  preclude  its  use  by  sailing  vessels.  Its  develop- 
ment, therefore,  is  influenced  in  some  measure  by  the  fluctuations  and 
exigencies  of  the  business  of  ship  owners  and  ship  builders,  fur  it  is  cer- 
tain that  a  large  part  of  the  worlds'  commerce  Is  still  carried  by  sailing 
ships.  It  Is  also  true  that  in  a  measure  the  characteristics  which  close 
the  Suez  route  to  sailing  ships  render  it  undesirable  for  certain  classes  of 
steam-using  vessels,  navigating  economically  rather  than  with  speed,  or 
fitted  only  with  auxiliary  steam  power.  The  Nicaragua  Canal,  on  the 
other  hand,  will  be  admirably  adapted  for  sailing  ships  and  freight  steam- 
ers. The  trade-winds  are  most  favorable  to  navigation  in  the  Atlantic 
and  the  Caribl>ean  Sea  In  the  very  latitude  of  its  eastern  entrance.  Its 
western  extremity  lies  in  the  same  favoring  belt,  to  the  north  of  and  en- 
tirely free  from  the  calms  and  *'  doldrums  "  which  vex  the  mariner  in  the 
region  of  the  Panama  isthmus. 

The  factor  of  the  greatest  importance,  however.  In  influencing  the 
growth  of  traffic,  via  Nicaragua,  has  no  analogue  at  Suez.  That  is  the 
certainty  of  the  early  and  rapid  peopling  and  building  up  of  the  territory 
served  by  the  Nicaragua  Canal, — especially  the  part  lying  within  the  Unit- 
ed States.  The  commerce  between  Europe  and  the  settlements,  colonies 
and  countries  of  India,  Malaysia  and  China  had  reached  a  high  state  of 
development  long  before  the  Suez  Canal  was  projected.  It  is  doubtful 
whether  that  commerce  Is  now  Increasing  at  all,  and  In  any  event  its  Ai- 
ture  growth  must  be  at  a  very  moderate  pace.  The  natural  development 
of  our  own  Paciflc  states  and  territories,  even  at  their  present  rate  of 
progress,  would  soon  furnish  thousands  of  tons  of  traffic  for  the  hundreds 
that  now  exist.  The  wheat,  lumber,  wool,  fruit,  hops,  flsh,  oil,  ftirs  and 
mineral  products  of  that  virgin  and  Imperial  domain  are  Just  beginning  to 
attract  attention  in  the  world  of  trade  and  finance.  Its  100,000  square 
miles  of  the  most  available  timber  known  to  commerce,  lying  easily  ac- 
cessible from  the  ocean,  have  scarcely  been  looked  at  from  the  outside  by 
the  capitalists  and  merchants  who  before  very  long  will  be  planting  their 
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mills  by  hundreds  In  the  hearts  of  those  forests.    The  acreage  and  prod- 
uct of  the  wheat  fields  of  Oregon  and  Washington  have  doubled  in  the 
jt  past  ten  years,  and  there  is  enough  vacant  land  there  to  permit  the  same 

phenomenon  within  the  next  decade. 

Less  than  twenty  years  ago  our  first  transcontinental  railway  was 
opened.  Five  great  systems  now  rib  the  continent  with  their  mainlines  and 
branches,  and  another  twenty  years  will,  in  all  probability  call  as  many 
more  into  existence.  Who  shall  measure  the  stimulating  efliect  upon  our 
commerce  and  that  of  our  near  neighbors  to  the  southward,  of  the  safe 
and  sure  progress  of  an  inter-oceanic  canal,  in  American  hands  and  under 
American  auspices,  toward  speedy  completion?  Who  can  estimate  the 
quantity  of  the  tonnage  that  will  pass  through  that  canal  twenty  years  fromi 
the  day  of  opening?  The  traffic  which  now  exists  assures  a  profit  upon 
the  cost  of  its  construction,  even  were  that  cost  estimated  at  double  the* 
amount  of  the  engineers*  figures.  Half  of  that  trade  enriches  our  own  pro- 
ducers and  merchants,  but  they  maintain  it  against  foreign  competition> 
under  overwhelming  disadvantageous  conditions,  which  the  canal  would' 
largely  neutralize  and  in  some  conspicuous  instances  entirely  reverse. 

A  map  of  the  world  will  show  Liverpool  and  New  York  to  be  about  the- 
same  distance  ftom  San  Francisco  by  the  way  of  Cape  Horn.    The  actual 
^  mileage  is,  from  New  York  14,840,  and  from  Liverpool  14,690  miles.    The- 

saving,  by  the  canal,  between  places  near  its  western  extremity  and  our 
Atlantic  Gulf  ports,  will  be  so  great  that  it  is  difficult  to  understand  how 
it  could  fail  to  result  in  turning  the  entire  trade  of  those  ports,  which 
now  goes  to  Europe,  into  our  markets.  Callao  and  Valparaiso,  which 
will  be,  respectively,  8,000  and  4,000  miles  from  New  Orleans,  will  be 
6,461  and  7,448  miles  flrom  Liverpool  by  the  shortest  route,  —  the  canal. 
It  would  seem  that  such  conditions  must  necessarily  result  in  breaking 
down  the  artificial  trade  routes  and  relations  which  now  exist  and  turning 
the  commerce  of  these  neighboring  countries  into  more  convenient  and 
natural  channels. 

The  opening  of  the  Nicaragua  canal  will  mark  a  great  epoch  in  commer- 
cial history  and  progress.  New  and  better  routes  and  connections  will  be 
at  the  service  of  North  and  South  and  Central  America,  Mexico,  China,  Ja- 
pan, New  Zealand,  Australia  and  the  Pacific  Islands.  Their  development 
will  be  quickened  and  its  tendency  shaped  by  these  new  relations.  Inter- 
course between  distant  parts  of  the  world  will  be  cheapened  and  facilitated. 
The  two  great  branches  of  the  Anglo-Saxon  race  will  meet  in  friendly  ri- 
valry on  the  Pacific,  and  spread  yet  fi&rther  abroad  the  language  which  ulti- 
mately is  destined  to  regulate  the  commerciaf  transactions  of  the  entire 
globe.  Our  own  commerce  must  increase  notably  in  extent  and  importance. 
Coasting  traffic  between  the  Atlantic  and  Pacific  doubtless  will  expand  to 
enormous  proportions.  The  ports  of  the  Atlantic  and  the  Gulf  will  send 
their  regular  lines  of  vessels  and  their  occasional  traders  up  and  down  the 
Pacific  coasts,  Just  as  they  now  send  them  Into  every  harbor  and  river  and 
lagoon  of  the  Caribbean  and  the  Gulf,  exchanging  our  commodities  for 
the  products  of  the  tropics,  until  ultimately  the  hold  of  Europe  upon  the 
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trade  and  commerce  of  Spanish  America  will  be  broken  by  the  natural 
growth  and  inflaence  of  intercourse  between  the  various  countries  of  our 
own  continent  under  most  fiEivorable  conditions.  Direct,  speedy  and  inex- 
pensiye  water  transportation  will  put  an  end  to  the  Isolation  which  has  so 
long  retarded  the  development  not  only  of  the  Spanish  states  of  the  west 
coast,  but  of  our  own  magnificent  territory  bordering  on  the  Pacific  ocean. 

Unless  I  greatly  overestimate  its  bearing  and  eflbcts,  the  forward  stride 
about  to  be  taken  in  the  march  of  the  world's  commerce  is  to  be  a  mighty 
one.  When  Byzantium  was  the  glory  of  the  Lower  Empire,  her  mer- 
chants gathered  the  precious  commodities  of  the  East  and  sent  them 
across  the  Mediterranean.  Venice  seized  the  inheritance,  and  for  a  long 
period  maintained  her  position  as  the  great  entrepot  of  the  eastern  trade. 
After  a  fierce  struggle,  Genoa  wrested  from  her  the  commercial  supremacy 
and  established  herself  as  the  western  mart  of  this  rich  traific.  Still  west- 
ward, from  Genoa  to  Cadiz,  and  Lisbon,  and  Antwerp  and  Amsterdam,  the 
great  receiving  and  distributing  centre  shifted  with  the  march  of  the  ages, 
until  finally  the  movement  seemed  to  halt  in  England,  and  now  for  centuries 
London  has  been  the  commercial  heart  of  the  world  and  the  controller  of 
its  exchanges.  Nor  is  it  strange  that  long  preparation  should  be  necessary 
for  the  next  great  westward  stride,  for  it  must  cover  a  distance  of  3,000 
miles.  It  is  this  huge  leap,  well  prepared  for  by  the  commercial  strength 
and  solidity  of  the  lusty  young  .nations  of  the  Western  continent,  that  is 
to  be  made  by  the  opening  of  the  Isthmian  ship  canal.  The  products  that 
have  hitherto  gone  westward  to  thetr  markets  will  now  go  toward  the  east, 
while  the  manufactures  of  Christendom  which  have  so  largely  gone  east 
will  now  move  westward.  The  step  will  indeed  be  a  long  one,  and  the  rev- 
olution  in  the  peaceful  paths  of  trade  throughout  the  world  will  be  unique. 

We  of  the  United  States  can  await  this  impending  revolution  with  equa- 
nimity, for,  much  as  it  will  help  the  world  at  large,  it  will  most  of  all 
richly  benefit  the  American  continent. 

Note. — This  paper  was  in  a  good  measure  prepared  by  Mr.  J.  C.  Hues- 
ton,  of  New  York;  based,  in  part,  on  suggestions  given  by  Commander 
Taylor,  but,  in  part,  entirely  original  with  Mr.  Hueston. 


Recent  Nicaragua  Ship  Canal  Surveys.    By  Civil  Engineer  R.  E. 
PiCARY,  U.  S.  Navy,  Washington,  D.  C. 

[abstract.] 

A  YEAR  ago  I  had  the  honor  of  addressing  the  Association  upon  this 
grand  subject. 

Seven  months  of  the  time  intervening  since  then  I  have  spent  in  Nic- 
aragua with  a  large  force  of  engineers  and  laborers,  engaged  in  making 
surveys,  the  result  of  which  I  have  the  honor  of  presenting  to  you  to-day. 

These  surveys,  executed  upon  general  plans  formulated  by  Civil  Engl- 
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Deer  A.  G.  Menocal,  U.  S.  N.,  who  can  Justly  lay  claim  to  being  called  the 
evolutionist  of  the  Nicaragua  Route,  have  given  more  than  satisfactory 
results,  and  I  am  able  to  lay  before  you  plans  and  profiles  based  upon  in- 
formation as  complete  and  accurate  as  any  upon  which  a  work  of  similar 
magnltode  was  ever  conunenced. 

These  results  are  due  first  to  the  master  mind  who  planned  the  work, 
and  whose  extensive  previous  experience  In  that  country  made  every  day's 
work  of  the  recent  expedition  efl'ective,  and  second  to  those  fearless,  hard- 
working engineers  who  In  spite  of  obstacles  and  hardships  of  which  you 
have  no  conception,  cut  their  way  through  the  tropical  tangle  until  they 
knew  the  shape  of  every  hill,  the  course  of  every  stream. 

The  methods  of  work  were  as  follows :  the  expedition  being  divided 
into  parties  and  the  work  into  sections,  the  locations  of  Mr.  Menocal  in 
1880  in  the  western  division,  and  of  the  government  expedition  of  1872-73, 
and  Mr.  Menocal  In  1885,  In  the  eastern,  were  taken  as  a  base,  and  a  main 
transit  and  level  line  run  and  bench  marks  established  about  every  1000 
to  2000  feet.  These  benches  were  then  checked.  From  this  transit  line, 
compass,  chain,  and  aneroid,  offsets  were  run  flrom  1000  to  2000  feet  on 
both  sides,  adjacent  streams,  valleys  and  hills  reconnoitred;  and  the  work 
plotted. 

With  this  chart  In  hand  the  entire  line  was  then  gone  over  In  the  field 
by  the  engineer  in  charge  accompanied  by  the  chief  of  the  section,  and 
the  location  decided  upon.  The  location  was  then  run  In  and  levelled,  check- 
ing upon  the  benches  of  tlie  preliminary  line,  and  cross-sections  run  and 
levelled  from  100  to  400  feet  apart,  along  the  main  line  as  the  topography 
demanded.    Sometimes  portions  of  this  location  were  modified  and  re-run. 

Streams  were  then  surveyed  and  gauged,  neighboring  elevations  beyond 
the  limits  of  the  canal  taken  with  the  aneroid,  and  the  entire  work  plotted 
on  a  400  ft.  scale  with  10  ft.  contours. 

The  boring  party  then  went  over  the  line,  boring  on  all  summits  and  in 
all  depressions,  and  penetrating  to  the  level  of  the  canal  bottom  unless 
rock  was  encountered  above  that  level.  Borings  were  also  made  on  the 
sites  of  all  locks,  dams  and  embankments. 

The  work  accomplished  by  the  expedition  is  as  follows : 

In  the  western  division  two  locations,  one  for  a  canal  In  excavation  the 
entire  distance  from  the  Lake  to  the  Pacific,  and  one  for  a  canal  with  a 
basin  at  La  Flor. 

Survey  of  Brlto  Harbor,  and  of  the  Lake  In  the  vicinity  of  the  mouth  of 
the  Lajas. 

In  the  eastern  division  —  survey  of  the  Lake  firom  the  mouth  of  the  San 
Juan  to  deep  water. 

Re-survey  of  the  Upper  San  Juan  firom  Fort  San  Carlos  to  Castillo. 

Two  locations  from  the  Ochoa  Dam  to  Greytown ;  one  surveyed  by  the 
government  expedition  of  1872<-73,  and  known  as  the  lower  route;  the 
other  surveyed  by  the  government  expedition  of  1885,  and  known  as  the 
upper  route. 

Re-survey  of  Greytown  Harbor. 
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In  all,  the  expedition  cnt,  ran  with  transit,  or  compass,  and  levelled, 
500  miles  of  lines,  and  ran  400  miles  of  soundings. 

The  first  location  in  the  western  division,  above  mentioned,  is  prac- 
tically the  same  as  that  of  1885,  the  only  changes  being  such  as  would  nat- 
urally be  expected  as  the  result  of  a  final  detailed  survey,  viz. :  reduction  In 
length  flrom  17.27  to  17  miles ;  enlargement  of  the  minimum  radius  of  curve 
from  4000  feet  to  4911  feet  and  reduction  of  total  length  of  canal  in  curve. 

In  the  second  location  the  entire  plan  of  the  western  section  of  the  west- 
ern division  is  changed  as  follows : 

Three  and  one-half  miles  back  Arom  Brito,  an  earthen  dam  seventy-five 
feet  high  and  2,100  feet  long  on  the  crest,  is  thrown  across  the  narrow  gap 
in  the  coast  hills  through  which  the  Rio  Grande  makes  its  exit  to  the  Pa- 
cific. This  dam  will  impound  the  drainage  of  the  Rio  Grande  and  Tola 
basins,  and  the  water  of  the  Lake,  fiowing  through  the  summit  cut ;  flood 
these  valleys  to  the  level  of  the  Lake  and  form  a  basin  5.28  miles  long,  with 
a  depth  of  water  of  from'  80  feet  to  70  feet.  At  the  northern  end  of  the 
dam  a  double  lock  of  85  feet  lift  efi^cts  the  descent  fh>m  this  basin  to  the 
low  coast  land,  and  the  canal  then  runs  in  a  right  line  to  the  Port  of  Brito 
three  miles  distant,  a  second  lock  of  25  feet  lift  one  mile  from  the  double 
lock,  dropping  the  canal  to  the  sea  level.  This  basin  will  be  the  harbor 
of  the  Pacific  terminus  and  looking  back  from  a  steamer's  deck  as  she 
emerges  from  the  upper  lock  the  port  of  Brito  is  visible  Just  below,  and 
beyond,  the  view  of  the  blue  expanse  of  the  Pacific  is  unobstructed  from 
north  to  south.  From  the  eastern  end  of  this  basin  to  the  lake,  the  two 
locations  coincide. 

The  total  distance  from  Lake  to  Pacific  is  not  affected  by  this  modifica- 
tion, but  5.28  miles  of  lake  navigation  are  substituted  for  an  equal  length 
of  canal;  the  length  of  actual  canal  is  reduced  to  11.72  miles;  one  lock  is 
dispensed  with ;  the  problem  of  the  disposition  of  the  Rio  Grande  drainage 
is  much  simplified,  and  that  of  the  Tola  eliminated  entirely. 

The  middle  division,  comprising  the  lake  and  river,  remains  unchanged. 

The  Ochoa  dam  may  be  constructed  as  proposed  in  1885,  viz. :  a  timber 
sheathed  concrete  monolith,  or  upon  ftirther  study  of  the  data  obtained 
by  the  last  surveys,  it  may  be  made  an  earthen  dam  and  the  overfiow  weir 
cut  in  the  solid  hills  on  the  south  side  of  the  San  Juan  opposite  the  mouth 
of  the  Machado,  thus  removing  the  river  current  still  farther  fh>m  the  en- 
trance to  the  canal. 

In  the  eastern  division  also,  as  already  noted,  there  are  two  locations. 

The  one  known  as  the  upper  route  is  Identical  with  that  of  1885  for  a 
distance  of  four  miles  eastward  fh>m  the  Ochoa  dam. 

From  this  latter  point  to  the  Saltos  de  Elvira,  a  distance  of  eight  miles, 
modifications  have  been  made,  though  the  general  plan  is  unchanged. 

The  long  embankment  proposed  in  1885,  across  the  main  valley  of  the 
San  Fruicisco  below  thejunctionof  the  Chanchos,  is  replaced  by  fiveshorter 
ones  about  1700  ft.,  1200  ft.,  1400  ft.,  1700  ft.,  and  1200  ft.  in  length,  re- 
spectively, across  the  valleys  of  the  Chanchos,  San  Francisco,  and  tribu- 
taries, and  there  will  be  some  12000  ft.  of  secondary  embankment  at  various 
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points  along  the  crest  of  the  impounding  ridge,  with  a  depth  varying  Arom 
five  to  thirty  feet. 

The  sailing  line  is  shifted  Airther  north,  and  the  flooded  area  in  the  San 
Francisco  basin  redaced. 

The  rock  cut  through  the  San  Franclsco-Deseado  divide  Is  practically 
unchanged. 

The  lift  of  lock  No.  8  at  the  eastern  end  of  this  cut  is,  however,  reduced 
from  53  to  85  feet.  This  change,  in  combination  with  a  dam  and  a  second 
lock  of  40  feet  lift  farther  down  the  Deseado  Valley,  gives  a  basin  of  3.84 
miles  long  and  with  a  depth  of  water  of  from  25  feet  to  40  feet,  requiring  ex- 
cavation to  an  average  depth  of  2  to  8  feet  along  the  upper  half  (li  miles) . 
The  dam  }ust  mentioned  Is  750  feet  long  on  the  crest  and  40  feet  high, 
and  is  in  a  very  favorable  location,  affording  an  excellent  site  for  the  forty 
feet  lock  in  the  hill  which  forms  the  south  abutment  of  the  dam,  and  an 
equally  favorable  site  for  the  waste  weir  beyond  the  northern  extremity 
of  the  dam.^ 

From  lock  No.  2  to  lock  No  1,  a  distance  of  2.70  miles,  the  canal  still  fol- 
lows the  axis  of  the  widening  and  gradually  descending  valley.  In  this 
reach  the  level  of  the  water  In  the  canal  will  be  a  few  feet  above  the  aver- 
age valley  floor  level,  and  a  low  embankment  across  the  valley  at  the  site 
of  lock  No.  1  will  keep  this  portion  of  the  valley  flooded  sufficiently  to 
largely  decrease  ship  resistance  and  enable  the  surface  drainage  to  be  re- 
ceived directly  into  it  and  discharge  over  a  weir  at  the  dam.  Lock  No.  1 
has  a  lift  of  81  feet  and  from  It  to  Greytown  a  distance  of  ten  miles,  the  ca- 
nal, at  sea  level,  extends  In  a  straight  line  across  the  flat  coast  lands  of  the 
San  Juanillo  and  Lagoon  regions. 

By  these  modlflcatlons  in  the  Deseado  Basin,  not  only  Is  the  amount  of 
excavation  in  this  division  largely  reduced,  but  the  free  navigation  Is  In- 
creased and  the  lateral  drains  the  entire  distance  from  lock  No.  8  to  lock 
No.  2,  a  distance  of  6i  miles,  are  rendered  unnecessary. 

The  total  distance  from  ocean  to  ocean  by  this  route  is  the  same  as  be- 
fore, 169.8  miles.  Of  this  distance,  however,  only  28.  9  (Instead  of  40.3) 
miles  are  actual  canal,  the  remaining  140.9  miles  being  open  navigation 
through  Lake  Nicaragua,  the  Rio  San  Juan  and  the  various  basins.  The 
length  of  the  summit  level  has  also  been  Increased  from  144  miles  to  150 
miles. 

The  lower  route  is  identical  with  the  upper  as  far  as  a  point  about  2i 
miles  east  of  the  dam  at  Ochoa.  At  this  point  of  divergence,  either  a  sin- 
gle or  double  lock  of  56  feet  lift  will  lower  the  canal  to  within  a  few  feet 


>  Since  the  above  was  written  the  locations  of  locks  3  and  2  have  been  changed 

as  follows : 
Lock  No.  3  Is  now  located  on  the  site  of  No.  2  as  above.    Its  liil  is  45'.    Lock  No.  2  is 

located  2,670'  farther  down  the  valley  and  its  lift  is  80'. 
The  dam  across  the  Deseado  at  lock  No.  3  will  be  820'  long  and  76'  high. 
As  a  result  of  these  changes  the  Deseado  Basin  will  be  four  miles  long  with  a  depth 

varying  from  26'  to  76',  and  its  surface  will  be  lOG'  above  sea  level  instead  of  71'.    The 

length  of  the  summit  level  will  be  increased  ftom  150  miles  to  161  miles.— B.  E.  P. 
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of  the  San  Francisco  Valley  level,  and  then  the  canal  extends  across  this 
valley  behind  low  hills  lying  nearer  the  San  Juan,  its  level  kept  ap  by  a 
low  embankment  about  16  feet  high,  supplementing  the  hills ;  towards  the 
bend  of  the  San  Juan,  where  the  San  Francisco  hills  come  to  the  river. 
From  this  point  it  extends  in  a  straight  line  to  the  Serapiqni  hills  6^^  miles 
lower  down  the  river,  being  kept  up  through  this  section  also  by  a  low 
embankment  on  the  river  side.  In  these  hills  the  second  lock  of  20  feet 
lift  is  located,  thence  the  canal  extends  to  the  San  Juanlllo,  still  following 
the  general  course  of  the  San  Juan,  and  thence  in  a  nearly  direct  line  to 
Greytown,  through  the  delta  of  the  San  Juan,  the  Silico  Hills  where  the 
third  and  last  lock  of  80  ft.  lift  is  located,  and  Silico  lagoon.  The  addi* 
tional  length  of  this  route  over  the  upper  is  6.6  miles  and  with  the  exception 
of  the  portion  through  Lake  Silico  (1.58  miles)  it  is  all  canal  in  excavation. 

Though  based  upon  the  location  of  1872-73  it  differs  from  that  in  the 
following  particulars : 

It  is  Si  miles  shorter. 

It  has  about  one-half  the  number  of  curves. 

It  has  no  curve  of  less  than  6,000  feet  radius,  and  can  be  located  with 
none  less  than  10,000  feet. 

Its  disadvantages,  as  compared  with  the  upper  route,  are  greater  length 
and  consequently  greater  cost  of  maintenance. 

Thus  we  have  at  Nicaragua  two  perfectly  practicable  locations  of  about 
equal  cost,  either  of  which  Is  far  superior  to  any  other  route  across  the  Isth- 
mus :  and  when  the  day  comes,  as  it  surely  will,  when  one  canal  cannot  ac- 
commodate the  traffic  seeking  it,  then  the  other  can  be  built  and  give  one 
canal  for  eastward,  and  one  for  westward  bound  vessels. 

I  regret  that  the  computations  of  the  notes  of  the  recent  surveys  have 
not  as  yet  been  completed,  and  I  am  consequently  unable  to  give  precise 
quantities  and  estimates.  But  the  close  correspondence  between  the  meas- 
urements of  former,  and  the  last  surveys,  enables  me  to  say  in  general 
terms,  that  quantities  in  sections  where  no  modifications  have  been  made 
will  be  changed  little  or  none,  while  the  total  saving  by  modifications  of 
plan  will  amount  to  $10,000,000  or  $15,000,000. 

The  value  of  the  25%  contingent  estimate  is  also  greatly  enhanced  by  the 
closer  determination  In  the  recent  surveys  of  all  factors  in  the  problem. 

Probably  in  no  similar  undertaking  have  the  conditions  for  the  rapid  and 
economical  execution  of  the  work  been  more  exceptionally  favorable. 

In  the  western  division  that  portion  of  the  canal  from  Brlto  to  the  first 
lock,  and  possibly  from  the  first  lock  to  the  double  locks,  can  be  dredged. 

The  Upper  Rio  Grande  will  fbrnlsh  water  for  the  removal  of  the  surface 
earth  by  hydraulic  mining,  and  later  for  running  the  rock  drills  In  the  di- 
vide cut.  The  deeper  portions  of  the  La  Flor  basin  offer  convenient  and 
ample  room  for  depositing  all  the  material  ttom  the  divide  cut  not  used  in 
the  La  Flor  dam,  and  it  will  not  be  difficult  to  devise  a  method  by  which 
the  water  of  the  Lake  can  be  made  to  give  powerful  assistance  in  the  work 
of  excavating  and  removing  the  material  in  the  cut  between  the  La  Flor 
basin  and  the  Lake. 
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In  the  eastern  divide  on  the  upper  roate  exist  similar  conditions  of  wa- 
ter power  available  for  removing  surface  earth  hydraullcally,  and  later  for 
running  air  compressors  for  the  drills.  The  deeper  portions  of  the  Chan- 
chos  and  San  Francisco  valleys  contain  ample  dumping  ground  for  the  spoils 
l^om  the  divide :  and  in  removing  these  the  engineer  will  have  gravity  with, 
Instead  of  against  him. 

From  Grey  town  to  the  first  locls  in  the  eastern  section  the  excavation  will 
be  entirely  dredging. 

Probably  not  less  than  seventy-five  per  cent  of  the  excavation  between 
lock  No.  1  and  lock  No.  2  also  in  the  Deseado  and  San  Francisco  basins, 
and  in  the  section  from  the  latter  basin  to  the  dam,  can  by  a  proper  se- 
quence of  work  be  excavated  by  dredges.  On  the  lower  route  at  least  eigh- 
ty-five per  cent  In  length  can  be  dredged,  and  the  maximum  haul  of  the 
eai*th  and  rock  spoils  on  any  portion  of  the  remaining  fifteen  per  cent  will. 
be  about  one-half  mile. 

The  item  of  earth  excavation, with  all  its  varied  plant  of  excavators,  cars, 
locomotives,  etc.,  its  attendant  expense  of  moving  tracks  and  keeping 
tracks  in  order,  and  the  difficulty  of  handling  the  material  in  rainy  weather, 
is  thus  reduced  to  a  minimum,  and  the  excavation  of  the  canal  accom- 
plished practically  under  the  three  great  heads  of  Hydraulic  Mining,  Rock 
Excavation,  Dredging,  all  three  independent  of  drainage  and  rains,  the 
great  drawbacks  to  work  on  the  Isthmus,  and  the  work  on  the  canal  can 
be  pushed  forward  without  Interruption  night  and  day,  year  in  and  year 
out,  until  it  is  completed. 

The  numerous  borings  made  have  banished  the  bottomless  swamps,  the 
semi-liquid  quicksands,  and  the  numerous  other  subterranean  bugbears 
which  have  been  conjured  up  against  the  Nicaragua  route,  and  have  shown 
that  in  no  portion  of  either  location  is  there  any  trouble  In  regard  to  foun- 
dations. 

In  the  worst  swamps  encountered,  the  boring  tools  after  sinking  by  their 
own  weight  for  a  distance  of  ten,  or  at  a  maximum  fifteen  feet,  reached 
a  stratum  of  firm  red  clay  extending  to  bed  rock.  The  sequence  of 
strata  everywhere  except  in  the  San  JuaniUo  region,  is  almost  without  ex- 
ception as  follows :  in  the  low  bottoms,  black  mud  or  loam ;  then  varying 
strata  of  blue  or  red  or  yellow  clay  or  sand,  or  both,  or  all ;  then  firm  red 
clay ;  then,  if  the  borings  were  carried  deep  enough,  rock ;  on  the  hills,  red 
clay  and  earth  to  bed  rock.  The  borings  show  the  even  and  unbroken  char- 
acter of  the  rock  in  the  divide,  and  have  also  developed  the  fact  that  the 
earth  covering  of  the  bed  rock  averages  deeper  than  was  supposed  in  1885. 

In  the  valley  of  the  San  JuaniUo,  sand  is  found  mixed  with  soft  blue  and 
yellow  clays,  and  nearer  the  harbor  sand  alone.  Borings  at  Greytown  bar 
and  in  the  harbor  to  the  depth  of  forty  feet  below  sea  level,  discovered  no 
rock,  only  compact  homogeneous  sand,  and  on  the  upper  route  no  rock 
was  discovered  within  ten  and  a  half  miles  of  Greytown  nor  on  the  lower 
route  between  Greytown  and  the  Sllico  Hills.  The  borings  also  show  rock 
foundations  for  all  the  locks  and  the  Ochoa  dam. 
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The  locks  in  general  dimensions  and  methods  of  constrnctlon  remain 
the  same  as  proposed  in  '86,  viz. :  660  feet  long  and  80  feet  wide. 

The  namber,  however,  will  be  reduced  from  seven  to  six,  and  possibly 
five :  the  total  lift  will  be  somewhat  differently  dlstribated :  a  new  feature 
is  introduced  in  the  shape  of  the  double  lock  at  the  La  Flor  dam,  and  it  is 
more  than  probable  that  improvements  will  be  made  by  which  the  time  of 
lockage  will  be  reduced  from  forty -five  minutes,  as  previously  estimated, 
to  thirty  minutes.  The  gates  proposed  for  the  locks  are  sliding  caissons 
for  head  gates  and  two  tail  gates,  and  rolling  caissons  for  the  other  tail 
gates. 

WATER  SUPPLY. 

The  amount  of  water  necessary  for  working  the  canal  to  its  fVill  capacity, 
viz. :  forty-eight  double  lockages  per  twenty- fonr  hours  is  210,161,280  cu.  fL 
or  less  than  one-fourth  the  minimum  supply  of  the  Lake  alone (984,096,000 
cu.  ft.)  without  taking  into  consideration  the  flow  of  the  several  tributaries 
of  the  San  Juan  between  the  Lake  and  the  Ochoa  dam,  and  the. San  Fran- 
cisco and  its  tributaries, which  will  more  than  compensate  for  all  losses  by 
evaporation  in  the  flooded  portion  of  the  river,  and  the  basins. 


DIMENSIONS  AND  CAPACTTT  OF  THE  CANAL. 

Some  modifications  of  the  cross-sections  proposed  in  1886  may  be  made, 
but  for  the  present  they  may  be  assumed  to  be  the  same. 

They  will  be  ample  to  accommodate  all  the  traffic  that  the  locks  can  han- 
dle, and  the  capacity  of  the  locks  will  be  the  measure  of  the  capacity  of  the 
canal. 

The  maximum  capacity  of  the  canal  was  estimated  in  1886  at  20,440,000 
tons,  based  upon  a  time  allowance  of  forty-five  minutes  for  passing  a  lock, 
and  the  average  net  tonnage  of  the  vessels  using  the  Suez  canal  in  188d,viz. : 
1747. 

In  1886  the  average  tonnage  at  Suez  was  1868  tons,  and  the  constant  ten- 
dency has  been  towards  an  increased  average  tonnage,  which  increase  would 
have  been  much  greater  had  it  not  been  for  the  limitations  imposed  by  the 
depth  of  only  26  feet  at  Suez  and  the  insufficient  facilities  for  vessels  to 
pass  each  other. 

With  a  depth  of  30  feet  at  Nicaragua  and  considering  the  heayier  class 
of  traffic  which  would  seek  that  canal,  a  conservative  estimate  would  be 
that  the  average  net  tonnage  of  vessels  using  Nicaragua  would  almost  im- 
mediately reach  2,000  tons  or  more. 

With  the  probable  improvements  in  the  locks  already  noted,  by  which 
the  time  of  lockage  may  be  reduced  to  thirty  minutes,  the  ultimate  capac- 
ity of  the  canal  will  be  forty-eight  vessels  per  day  of  2,000  tons  each,  or 
35,040,000  tons  annually. 
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CLIMATE. 

^  Much  has  been  said  both  for  and  against  the  climate  of  Nicaragua,  but 

the  experience  of  the  recent  expedition  is  worth  volumes.  Over  forty  en  - 
gineers  and  assistants,  not  half  a  dozen  of  whom  had  ever  been  in  tropical 
countries  before,  and  some  of  whom  were  college  graduates, who  had  never 
seen  a  day  of  really  hard  work  or  exposure,  went  to  what  is  by  common 
consent,  the  most  unhealthy  portion  of  Nicaragua,  viz. :  the  region  extend- 
ing thirty  miles  back  of  Greytown,  started  at  once  into  the  woods,  before 
the  rainy  season  had  closed,  worked  in  the  rain  and  swamps  all  day,  and  re- 
peatedly slept  on  the  ground  at  night,  and  yet  in  all  the  sev^n  months  that 
the  expedition  remained  in  the  field  not  a  man  was  lost,  nor  was  there  a 
single  case  of  serious  illness.  More  than  that,  every  member  of  the  party 
that  has  thus  far  returned,  has  come  back  in  better  condition  than  when  he 
went  away.  I  myself  have  repeatedly  spent  several  successive  days  and 
nights,  the  former  in  traversing  the  lines  of  the  various  parties,  the  latter 
in  sleeping  as  best  I  could  uncovered  and  in  wet  clothes  in  my  boat,  while 
my  crew  who  had  slept  during  the  day,  paddled  along  the  San  Juan  or  up 
the  San  Francisco  or  Deseado,  and  at  the  end  of  the  trip  felt  as  well  as 
when  I  started. 
^  This  was  due,  partly  to  the  fact  that  no  pains  were  spared  to  supply  the 

expedition  with  the  best  of  everything  in  the  way  of  provisions,  and  part- 
ly to  certain  regulations  which  were  rigidly  insisted  upon,  but  more  to  the 
climate  and  equable  temperature,  in  which  a  sound  man,  With  the  simplest 
>  precautions,  cannot  be  other  than  well. 

In  conclusion,  I  am  happy  to  say  that  it  is  not  now  a  question  as  it  was 
a  year  ago, — shall  we  build  the  Nicaragua  Canal?  but  we  will  build  it. 

The  last  year  has  seen  a  great  verdict  in  Its  favor.  In  1876,  the  great  In- 
ternational Canal  Congress  at  Paris,  resolved  that  if  a  canal  with  locks  were 
to  be  built,  then  the  Nicaragua  route  was  the  best,  but  as  a  sea  level  canal 
was  a  sine  qua  non,  and  as  such  a  canal  was  feasible  at  Panama,  Panama 
was  the  only  place  for  a  canal.  To-day,  preparations  are  being  made  to 
put  in  locks  on  the  Panama  route,  and  not  five  or  six  as  at  Nicaragua,  but 
ten,  and  the  summit  level  of  a  canal  which  is  said  to  be  intended  to  accom- 
modate the  traffic  of  the  world,  is  to  be  supplied  with  water  by  pumping. 

This  is  the  age  of  ship  canals.    Whatever  sophisms  may  be  put  forth 
a^inst  them,  ocean  commerce  recognizes  their  economy  and  utility,  and 
^  in  response  to  Its  demand  they  are  being  built  and  will  continue  to  be  built 

'  until  every  path  of  ocean  commerce  is  reduced  to  its  minimum  length.  Eu- 
ropean nations  are  building  them  for  purely  local  traffic  or  from  political 
considerations.  Within  the  year,  England  has  commenced  upon  the  Man- 
chester Ship  Canal,  and  Is  to-day  removing  earth  at  the  rate  of  1,000,000 
cubic  yards  per  month.  Russia  has  completed  the  Petersburgh  and  Cron- 
stadt  Canal,  and  is  projecting  another  (Sea  of  Azof).  Germany  has  com- 
menced upon  the  North  Baltic  Canal.  France  is  at  work  upon  the  Corinth. 
Suez  and  Amsterdam  are  doing  an  annually  increasing  business.  But  great- 
est project  of  them  all,  pledge  of  incalculable  benefits  to  ocean  traffic  and 
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of  commercial  prestige  to  this  country,  is  the  Nicarsgna  CaoaL  It  la  the 
one  grand  link  jet  wanting  to  enable  commerce  to  circle  the  globe  with- 
oat  going  beyond  the  limits  of  the  tropical  zone. 

The  gentleman  who  preceded  me  has  covered  the  general  bearings  of  the 
theme  most  eloquently,  yet  I  cannot  help  trenching  a  bit  upon  his  domain. 
The  Nicaragua  canal  will  bring  every  Atlantic  port  nearer  every  Pacific 
port ;  it  will  move  the  mouth  of  the  Mississippi  to  the  centre  of  the  Pacific ; 
it  wlU  give  our  western  coast  an  Impetus  which  will  in  a  few  years  place 
it  as  far  beyond  what  it  is  to-day  as  it  Is  to-day  beyond  what  It  was  when 
our  statesmen  were  discussing  the  advisability  of  Its  purchase. 

It  will  be  a  national  stimulus  to  invention  and  with  its  great  demand 
during  construction,  for  men,  machinery,  materials  and  supplies,  will  offer 
a  field  for  engineers,  architects,  machinists,  contractors,  business  men, 
skilled  labor  of  every  kind,  and  a  great  market  for  supplies,  which  of  it- 
self alone  will  be  of  the  greatest  value  to  this  ooontiy. 


On  tbk  ufk  and  work  of  E.  B.  Eluott.     By  Mrs.  L.  O.  Talbott* 
Washington,  D.  C. 


Thx  truk  basbb  for  dkaunos  nr  mills.     By  Hbhst  B.  Altord,  Ag- 
rlcnltRral  College,  Maryland. 


Tbm  xonkt  hoard  in  ths  Unitrd  Statbs  trxabcrt.     By  Edward 
Danixls,  Washington,  D.  C 


Our  monrtart  ststbl    By  Edward  Dahblb,  Washington,  D.  C. 


ThR  mSTORT  OF  STATDTIpS  AND  THKIR  TALUR.     By  WlLUAM  F.  SWTTZ- 

LXR,  Bureau  of  Statistics,  Washington,  D.  C 


CrRMATIOX:    past  and  PSBSBXT;     with  DRBCRIPTIOX  AND  DIAGRAM    OF 

THR  Buffalo  Crrmation  Comfant*s  furnacb.    By  Ctkus  K.  Bkm- 
INGTON,  Buffido,  N.  T. 

Industrial  traininq  for  vagrant  childrrn  and  ooograntb.     By 
Mrs.  Lacra  O.  Talbott,  Washington,  D.  C. 


ABSTRACT  OF  THE  PROCEEDINGS  OF  THE  CLEVELAND  MEET- 
ING OF  THE  ENTOMOLOGICAL  CLUB  OF  THE  A.A.A.S. 

Thb  Club  met  as  per  annoaDcements,  Aug.  15,  at  9  o'clock,  a.  m.,  the 
President,  Mr.  John  B.  Smitu  of  Washington,  in  the  chair.  The  Secre- 
tary, Prof.  A.  J.  Cook,  being  unable  to  attend.  Prof.  Herbert  Osborn  was 
elected  Secretary  for  the  Cleveland  meeting. 

Sessions  of  the  Club  were  held  on  Wednesday,  Thursday  and  Friday  dur- 
ing hours  when  Section  F  was  not  in  session.  The  following  members 
were  present :  John  B.  Smith,  Washington,  C.  Y.  Riley,  Washington,  L. 
O.  Howard,  Washington,  D.  S.  Kellicott,  Buffalo,  N.  Y.,  O.  S.  Westcott 
and  Mrs.  O.  S.  Westcott,  Chicago,  F.  M.  Webster,  Lafayette,  Ind.,  C.  J. 
S.  Bethnne,  Port  Hope,  Out.,  James  Fletcher,  Ottawa,  Canada,  J.  Mac- 
kenzie, Toronto,  S.  H.  Peabody,  Champaign,  111.,  E.  A.  Schwarz,  Wash- 
ington, D.  A.  Robertson,  St.  Paul,  Minn.,  A.  B.  Mackay,  Agricultural 
College,  Miss.,  S.  B.  McMillan,  Signal,  Ohio,  L.  C.  Wurtele  and  Miss  Wur- 
tele,  Acton  Yale,  P.  Q.,  Herbert  Osborn,  Ames,  Iowa. 

The  annual  address  by  the  President,  J.  B.  Smith,  entitled  Entomology 
and  Entomological  Collections  In  the  United  States,  was  delivered  on  Wed- 
nesday afternoon  and  subsequently  discussed  by  Messrs.  Riley,  Howard, 
Fletcher,  Webster  and  Osborn. 

Mr.  James  Fletcher  gave  an  Interesting  account  of  collections  and  en- 
tomological work  in  Canada. 

A  note  On  the  Origin  of  the  Wing  in  Aleurodes  was  presented  by  Prof. 
Herbert  Osborn  and  illustrated  with  microscopic  preparations. 

Papers  by  Mr.  Clarence  M.  Weed  were  presented  and  discussed  as  fol- 
lows : 

On  the  Parasites  of  the  Honey-suckle  Sphinx,  Eemaris  difflnis  Boisd. 

On  the  Hymenopterous  Parasites  of  the  Strawberry  Leaf-roller,  Phoxop* 
Uris  comptana  Frol. 

Professor  Osborn  presented  a  paper.  On  the  Food  Habits  of  the  Thrlpl- 

dSB.> 

Dr.  D.  S.  Kellicott  presented  a  note  on  Hepialua  argentiO'fnaculatus, 

Prof.  Herbert  Osborn  presented  a  note  On  the  Occurrence  of  Cicada 
rimosa  Say,  in  Iowa. 

Prof.  O.  S.  Westcott  In  a  paper  entitled  '^Entomological  Memoranda" 
presented  notes  On  Attraction  of  Carrion  for  Butterflies ;  the  coincident  oc- 
currence of  varieties  marcia  and  morpheus  of  Fhyciodes  tharos ;  peculiar 
place  of  pupation  for  an  Agrotis  (?)  ;  occurrence  of  LachnosUma  fusca  and 
gibbosa. 

Mr.  L.  O.  Howard  remarked  upon  experiments  with  kerosene  emulsion 
for  underground  larvflB. 

«Publi8hed  In  ftiU  in  iMeot  L^  No.  6. 
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Mr.  James  Fletcher  gave  an  accoant  of  an  expedition  to  Nipigon  north 
of  Lake  Superior  and  described  methods  of  rearing  bntterflies  A*om  eggs. 

Mr.  E.  A.  Schwarz  presented  a  paper  entitled,  The  Insect  Fauna  of 
Semitropical  Florida  with  special  regard  to  the  Coleoptera.  This  called 
forth  a  long  discassion  participated  in  by  Messrs.  Riley,  Smith,  Howard, 
Bethnne,  Fletcher,  Peabody  and  Osborn. 

The  election  of  officers  for  the  next  annnal  meeting  resulted  as  follows : 
President,  James  Flktoiuir,  Ottawa,  Canada ;  Vice  President,  L.  O.  How- 
ard, Washington,  D.  C. ;  Secretary,  D.  S.  Kklligott,  Columbus,  Ohio. 

In  accordance  with  a  vote  of  the  club  the  proceedings  have  been  pub- 
lished in  full  in  Entomologica  Americana  and  all  papers  not  otherwise  in- 
dicated have  been  included  in  full  in  that  report,  which  will  be  found  in 
Nos.  6-9,  Vol.  iv,  1888. 

Hrrbbrt  Osborx, 
Secretary  of  the  Club  for  the  Cleveland  meeting. 


ABSTRACT  OF  THE  PROCEEDINGS  OF  THE  CLEVELAND  MEET- 
ING  OF  THE  BOTANICAL  CLUB  OF  THE  A.A.A.S. 

Wednesday,  August  15.  Meeting  called  to  order  at  9  a.  m.  The  Presi- 
dent, Mr.  David  F.  Day  In  the  chair.  Rev.  W.  M.  Beauchamp  was  elected 
Secretary  i^rotem.  in  the  absence  of  Prof.  V.  M.  Spauldino.  The  President 
opened  the  meeting  by  an  address  including  a  memoir  of  Dr.  Gray  and  a 
recommendation  that  the  Club  be  incorporated  as  a  section  of  the  Associa- 
tion. 

Before  the  reading  of  the  papers  in  the  day's  programme  two  motions 
were  made  and  carried :  one  to  the  effect  that  the  Secretary  should  be  pro- 
vided with  a  book  for  permanent  records  of  the  Club ;  the  other,  that  a 
committee  be  appointed  to  consider  the  proposition  in  regard  to  uniting 
the  Club  with  the  biological  section  of  the  Association.  As  members  of 
this  committee  the  Chairman  appointed  Messrs.  W.  H.  Hale,  Thos.  Mee- 
han  and  J.  F.  Cowell. 

It  was  also  resolved  that  a  committee  should  be  appointed  to  provide 
for  the  publications  of  the  proceedings  of  the  Club.  The  committee  ap- 
pointed consists  of  Messrs.  W.  H.  Seaman,  W.  H.  Hale  and  Thos.  Meehan. 

Mr.  Thos.  Meehan  read  papers  on  **  Dioscious  Labiatae,*'  and  '*The  Elas- 
tic Filanients  of  the  Stamens  of  Composite ;"  and  Mr.  J.  F.  Cowell  followed 
with  **  Observations  on  Azalea  nud\fiora  and  CorcUlorhiza" 

Thursday,  August  16.  After  the  meeting  had  been  called  to  order,  the 
question  of  making  the  Club  a  special  section  of  the  Association,  or  else  a 
sub-section  of  Section  F,  was  discussed.  The  report  of  the  committee  was 
read,  and  in  this  they  strongly  recommended  that  the  independent  organ- 
ization of  the  Club  should  be  maintained.  After  farther  discussion,  their 
recommendation  was  unanimously  adopted. 

The  President  then  announced  that  an  invitation  had  been  extended  to 
the  Club,  by  Mr.  J.  D.  Rockafeller,  to  visit  his  grounds.    As,  however. 
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the  time  of  the  Club  was  already  fUUy  provided  for,  it  was  decided  that 
the  Clab  as  a  body  coald  not  set  a  date  when  it  would  be  possible  to  ac- 
cept the  invitation,  and  on  motion  of  Prof.  C.  B.  Barnes,  the  regrets  of 
the  Club  at  their  inability  to  accept  the  invitation  were  ordered  to  be  trans- 
mitted to  Mr.  Rockafeller. 

Mr.  Thos.  Meehan  spoke  of  the  death  of  Dr.  Gray  and  suggested  that 
resolutions  ought  to  be  adopted  by  the  Club  in  reference  to  it,  and  the  fol- 
lowing gentlemen  were  appointed  as  a  committee  to  draft  such  resolutions : 
Messrs.  C.  R.  Barnes,  Thos.  Meehan  and  D.  S.  EelUcott. 

Rev.  W.  M.  Beauchamp  read  a  paper  on  **  Onondaga  Indian  Plant 
Names."*  Mr.  Beauchamp  also  exhibited  specimens  of  Erythnza  Centau- 
riiim,  gathered  near  Oswego,  a  plant  new  to  most  of  those  present. 

Mr.  Thos.  Meehan  read  a  paper  on  **  Irregular  Tendencies  in  the  Tubu- 
llfloral  ComposltsB."' 

Prof.  £.  L.  Sturtevant  read  a  paper  on  ** Observations  on  the  genus  Cap- 
sicum" accompanied  by  numerous  beautifully  executed  colored  drawings, 
showing  the  great  variations  In  the  f^ult  of  different  varieties.  The  au- 
thor pointed  out  the  difficulty  of  distinguishing  species  in  plants  that  had 
been  long  cultivated,  and  expressed  his  doubts  as  to  the  validity  of  cer- 
tain of  the  genus  under  consideration.  Mr.  Meehan  expressed  his  Interest 
In  the  paper,  and  said  he  was  Inclined  to  believe  that  all  the  cultivated 
Capsicums  were  merely  varieties  of  a  single  species. 

The  last  paper  was  by  Prof.  B.  E.  Fernow,  on  the  subject  **What  is  a 
Tree?"  In  the  paper  the  author  pointed  out  the  desirability  of  a  gener- 
ally accepted  definition  of  the  word  **tree,"  and  showed  how  authorities 
differ  In  regard  to  it.  The  following  definition  was  suggested:  * 'Trees 
are  woody  plants,  the  seeds  of  which  have  the  Inherent  capacity  of  form- 
ing a  definite  trunk  supporting  a  crown  of  branches." 

After  a  discussion  of  the  paper,  the  meeting  adjourned. 

Friday,  August  17.  After  some  preliminary  business,  the  following  reso- 
lutions, in  memory  of  Professor  Gray,  prepared  by  the  Committee  ap- 
pointed for  that  purpose,  were  unanimously  adopted : — 

Besolved,  That  the  Botanical  Club  of  the  American  Association  sincerely 
regrets  that,  meeting  but  once  a  year,  it  should  be  among  the  last  to  place 
on  record  the  sense  of  the  great  loss  which  the  whole  range  of  science 
suffers  by  the  death  of  Professor  Gray. 

Besolvedf  That  though  among  the  last  to  contribute  to  the  wreath  of 
sorrow  with  which  science  is  everywhere  crowning  the  memory  of  Dr. 
Gray,  this  body  takes  a  mournfbl  pride  in  remembering  that  he  was  one 
of  its  honored  members,  and  that  it  was  as  a  botanist  he  won  such  emi- 
nent renown.  We  feel  that  we  have  a  right  to  be  among  the  chief  mourn- 
ers at  his  departure  from  the  field  of  labor  he  loved  so  well,  and  In  a 
special  degree  to  unite  our  sympathies  with  the  many  thousands  who  miss 
him  everywhere. 

Besolved,  That  copies  of  these  resolutions  be  forwarded  to  the  family  of 

>  Printed  in  Bulletin  Torrey  Botanical  Clab,  Oct.,  ISSSt 
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onr  deceased  Mend  and  to  tbe  botanical  and  other  scientille  periodicals 
for  pablicatioo. 

Papers  were  read  by  Prof.  C.  B.  Barnes  on  **The  Caose  of  the  Acrlditj 
In  the  Conn  of  ArisflBma,"  and  by  Mr.  A.  A.  Croxier  on  '^Secondary  Effects 
of  Pollination."  Professor  Barnes  stated  that  it  was  probable  that  the  In* 
tensely  burning  taste  of  the  J  nice  of  Arisema  was  dne«  as  snggested  by 
Stahl  for  the  European  Arum  nutculatum^  to  mechanical  canses,  <  «.» the 
Irritation  produced  by  the  numerous  rhaphldes  with  which  the  juice  Is 
fllled.  Professor  Barnes  found  that  when  these  were  removed  by  filtering 
the  acrid  taste  was  completely  lost. 

Mr.  Crozier's  paper  was  read  by  Profbssor  Cowell,  the  author  being  ab- 
sent. From  the  author's  experiments,  mostly  In  different  Tarietles  of  ap- 
ples, he  concluded  that  the  influence  of  foreign  pollen  did  not  extend 
beyond  the  seeds. 

Mrs.  H.  L.  Walcott  exhibited  the  leaves  of  a  form  of  choke-cherry  which 
she  described  as  hsTlng  amber-colored  berries  and  much  shorter  racemes 
than  the  ordinary  form.^ 

Prof.  W.  B.  Lazenby  brought  np  the  question  as  to  the  distinctness  of 
the  two  forms  of  Virginia  Creeper,  which  was  discussed  at  some  lengtli 
by  seyeral  members. 

A  letter  from  Br.  Geo.  Vasey  was  read  on  "American  Desert  Plants,** 
after  which  the  meeting  adjourned. 

In  the  afternoon  the  Club  made  an  excursion  to  Brighton,  a  suburb  of 
Cleveland,  but  the  flora  of  the  vicinity  did  not  present  many  novelties. 
One  of  the  most  interesting  plants  found  was  Jeffermmia  d^ylla,  of  which 
flue  specimens  were  obtained  in  fruit. 

8(Uurd<tif,  Augtui  18.  The  entire  day  was  devoted  to  a  trip  on  the 
steamer  «*City  of  Cleveland,"  to  the  Put-in-Bay  Islands.  The  trip  was 
such  a  long  one  as  to  allow  but  little  time  for  botanlslng. 

Ifofiday,  AuguBt  20.  The  following  papers  were  read :  by  Prof.  Jos.  F. 
James  on  ^^Dentaria  laeituaia  and  Z>.  mmU(/Ula  f  by  Mr.  F.  L.  Scribner  on 
'-'Observations  on  Nomenclature*'  and  *^8pkcertUa  Fragarimf*  and  by  Mr. 
Thos.  Meehan,  on  **Peduncular  Bracts  In  THia." 

Professor  James  also  exhibited  a  form  of  Atd^pioM  fudeross  with  flexuous 
stem  and  sub-opposite  leaves,  which  he  thought  was  sufllciently  distinct  to 
be  regarded  as  a  variety. 

The  committee  on  nominations  of  <^llcers  (br  the  ensuing  year  reported 
in  fhvor  of  Prof.  T.  J.  Bcrbill,  of  Champaign,  nu,  for  President,  and 
Douglas  H.  Campskll,  of  Detroit,  Mich.,  for  Secretary,  and  also  recom- 
mended that  the  ofllce  of  Vice-President  be  created,  and  named  Prof.  Br- 
ROif  D.  Halstbd  of  Ames,  Iowa,  for  the  ofllce.  The  report  of  the  Committee 
was  accepted,  and  the  ofllcers  as  named  were  elected. 

TVesday,  Angntt  21.  Prof.  W.  B.  Laaenby  read  a  paper  on  "The  Flower- 
ing Planu  of  Ohio,"  and  was  followed  by  some  remarks  by  Mr.  David 
F.  Day  on  those  of  the  vicinity  of  BuflUo,  and  by  Mr.  Beanchamp  on  the 
Cayuga  flora. 

>  Printed  hi  BoOeCiii  Toney  BoCaaieal  Club,  Oct.,  1881. 
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Mr.  F.  Scribner  read  a  paper  upon  and  discassed  the  genus  Andropog^n. 

Prof.  y.  M.  Spaaldlng  contributed  a  paper  on  **Changes  Produced  In  the 
Host  Plant  by  Pticcinia  graminis"  The  author  being  absent,  the  paper 
was  read  by  Mr.  D.  H.  Campbell. 

Prof.  M.  B.  Walte  contributed  a  paper  on  '^Changes  in  the  Local  Fungus 
Flora  of  Champaign,  111."  In  the  absence  of  the  author,  the  paper  was  read 
by  Mr.  Scribner. 

Prof.  W.  J.  Deal  read  a  paper  entitled  **Notes  on  some  Flowering  Plants 
of  Michigan." 

At  the  conclusion  of  the  meeting  the  Club  adjourned  to  meet  next  year 
in  Toronto,  Canada. 

Besides  the  papers  read  before  the  Botanical  Club,  the  following  botan- 
ical papers  were  read  in  Section  F  of  the  Association :  '*  A  Plea  for  Uni- 
formity in  Biological  Nomenclature,"  N.  L.  Britton;  **  A  Study  of  JETj^dran- 
gea  as  to  the  Objects  of  Cross-Fertilization,"  Thos.  Meehan;  **  A  Phase  of 
Evolution,"  £.  L.  Sturteyant ;  **  Notes  on  the  Inflorescence  of  CcUlitriche, 
Jos.  Schrenk ;  **  Hygroscopic  Movements  in  the  Cone-Scales  of  Abietinese, 
A.  N.  Prentiss;  **  Some  New  Facts  in  the  Life-Histoiy  of  Tucca  and  the 
Tucca  Moth,"  Thos.  Meehan ;  **  On  the  Cause  and  Significance  of  Dichog- 
amy in  Flowers,"  Thos.  Meehan ;  '^Adaptation  in  the  Honeysuckle  and  In- 
sect Visitors,"  Thos.  Meehan;  ^'Comparison  of  the  Flora  of  Eastern  and 
Western  Michigan  in  the  latitude  of  44°  40',"  W.  J.  Beal ;  "Observations 
on  the  Succession  of  Forests  in  Northern  Michigan,"  W.  J.  Beal;  ''The 
Systematic  Position  of  the  Rhizocarpeas,"^  Douglas  H.  Campbell;  "Pollen 
Germination  and  Pollen  Measurements,"  Byron  D.  Halsted. 

The  following  botanical  papers  were  read  before  the  Society  for  the 
Promotion  of  Agricultural  Science :  "Peculiarities  of  the  Plants  of  North- 
ern Michigan,"  W.  J.  Beal;  "  Notes  on  Flowering  Plants  of  Ohio,"  W.  R. 
Lazenby;  "Potato  Flowers  and  Fruit,"  Byron  D.  Halsted;  "Tomato 
Flowers  and  Fruit,"  Byron  D.  Halsted ;  "  A  Further  Study  of  the  Dande- 
lion," E.  L.  Sturtevant;  "  Successful  Treatment  of  Black  Rot,"F.  L.  Scrib- 
ner. 

Douglas  H.  Campbell. 

^  Printed  in  Bulletin  Torrey  Botanical  Club,  Oct.,  1888. 
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REPORT  OF  THE  GENERAL  SECRETARY. 


The  Tiiirty-skvknth  Mkrting  op  the  American  Association  for  the 
Advancement  of  Science  was  held  in  the  Central  High  School 

Building,  Cleveland,  Ohio. 

At  ten  o'clock  on  Wednesday  morning,  August  15,  the  Association  met 
in  General  Session  in  the  large  hall  of  the  High  School,  and  was  called 
to  order  by  President  S.  P.  Langley  of  Washington  who  invited  the  Rev. 
Dr.  G  S.  Bates  of  Cleveland  to  open  the  session  with  a  prayer,  which  was- 
offered  as  follows : — 

Our  Father,  who  art  in  heaven,  Hallowed  be  thy  Name.  Thy  kingdom 
come.  Thy  will  be  done  on  earth,  As  it  is  in  heaven.  Give  us  this  day  our 
daily  bread.  And  forgive  us  our  trespasses,  As  we  forgive  those  who 
trespass  against  us.  And  lead  us  not  Into  temptation ;  But  deliver  us  from 
evil :  For  thine  is  the  kingdom,  and  the  power,  and  the  glory,  for  ever  and 
ever.    Amen. 

We  thank  Thee,  our  Heavenly  Father,  for  eveiy  revelation  of  truth  which 
Thou  hast  made  to  the  children  of  men.  We  pray  that  Thy  blessing  may 
rest  upon  every  one  who  is  seeking  to  know  more  clearly  the  meaning  of 
any  word  of  any  of  those  revelations.  But  especially  do  we  pray  that  Thou 
wilt  bless  the  members  of  this  Association  and  the  work  In  which  they  are 
engaged.  May  the  fruit  of  their  labor  be  full  of  ministration  to  the  needs 
of  men ;  giving  to  their  bodies  fuller  life  and  larger  power,  and  to  their 
souls  a  clearer  vision  of  the  greatness  of  Thy  wisdom,  and  the  glory  of  Thy 
love. 

Direct  us,  0  Lord,  in  all  our  doings,  with  Thy  most  gracious  favour,  and 
fttrther  us  with  Thy  continual  help ;  that  in  all  our  works  begun,  continued, 
and  ended  in  Thee,  we  may  glorify  Thy  holy  Name,  and  finally,  by  Thy 
mercy,  obtain  everlasting  life;  through  Jesus  Christ  our  Lord.    Amen. 

The  grace  of  our  Lord  Jesus  Christ,  and  the  love  of  God,  and  the  fel- 
lowship of  the  Holy  Ghost,  be  with  us  all  evermore.    Amen. 

President  Langley,  with  a  few  graceful  remarks,  resigned  the  chair  to 
the  President  elect,  Major  J.  W.  Powell  of  Washington,  who  on  accept- 
ing it  said : — 

Over  this  society  you  have  called  me  to  preside.  For  the  honor  you 
have  conferred  upon  me  I  am  most  profoundly  grateflil.  When  I  remem- 
ber the  great  men  who  have  presided  over  this  body  I  am  deeply  sensible 
of  the  magnitude  of  the  trust  imposed  upon  me,  and  would  gladly  be  re- 
lieved from  its  duties  and  would  surrender  its  honors  to  purchase  immu- 
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nity  flrom  the  ordeal  through  which  I  mast  pass,  for  I  feel  that  I  am  Tery 
inadequately  prepared  to  fill  the  position.  It  fs  with  this  feeling  that  I 
invoke  your  charitable  assistance  to  secure  for  the  deliberations  of  this 
meeting  that  wisdom  and  harmony  which  will  make  tlie  society  for  another 
year  an  effective  agency  for  the  advancement  of  science. 

Dr.  Cadt  Stalrt,  president  of  the  Case  School  of  Applied  Science, 
Cleveland,  was  Introduced  and  delivered  the  address  of  welcome  on  be- 
half of  the  Local  Committek  as  follows : — 

It  is  thirty- five  years  since  our  citizens  have  had  the  privilege  of  wel- 
coming to  Cleveland  the  American  Association  for  tiie  Advancement  of 
Science.  During  those  years  the  advancement  of  science  has  been  mar- 
vellous. The  discoveries  and  Inventions  within  that  time  have  exceeded 
the  dreams  of  the  wildest  visionary  who  met  with  the  society  at  its  last 
meeting  in  this  city.  For  this  rapid  advance  of  science,  In  both  theory 
and  practice,  the  world  is  greatly  Indebted  to  the  members  of  this  Asso- 
ciation. If  there  are  any  here  of  that  company  who  met  with  tlie  Asso- 
ciation in  '53  they  will  testify  that  the  growth  and  development  of  the 
city  have  not  been  less  marvellous  than  has  the  advance  of  science  in  the 
same  period.  Then  tliere  were  In  the  city  about  26,000  Inhabitants.  To-day 
there  are  about  ten  times  that  number,  and  to  a  large  extent  the  city  owes 
its  magical  growth  and  wonderful  prosperity  to  the  advance  of  science^ 
and  Its  application  In  the  arts  and  In  manufactures.  It  would  be  difficult 
<to  find  a  city  in  which  a  larger  proportion  of  the  inhabitants  are  interested, 
•directly  or  Indirectly,  In  pursuits  which  depend  upon  scientific  methods 
And  processes. 

It  is  peculiarly  fitting  that  this  association  of  scientists  should  meet  in 
Cleveland— a  city  which  owes  so  much  to  th4  practical  application  of  sci- 
ence in  various  fields. 

No  guests  can  be  more  welcome  than  those  whose  time  and  talents  are 
•employed  In  forwarding  Interests  of  such  paramount  importance  to  this  city. 

To  our  own  citizens  this  meeting  is  an  event  of  no  slight  importance. 
The  value  of  such  meetings  in  any  community,  in  creating  an  interest  in 
science  and  in  scientific  research.  Is  not  easily  overestimated. 

On  the  other  hand,  we  trust  that  to  the  members  of  the  Association, 
their  coming  to  this  city  may  not  be  altogether  without  profit.  While  the 
work  of  deducing  scientific  laws  is  of  itself  of  intense  interest,  and  pure- 
ly theoretical  results  are  worth  all  that  they  cost  In  time  and  labor,  still  k 
the  practical  application  of  scientific  laws  and  theories  has,  for  a  large  ma- 
jority of  even  scientific  men,  the  greater  charm.  I  doubt  If  tliere  Is  an- 
other city  in  this  broad  land  where  applied  science  in  its  various  fields 
can  be  so  advantageously  studied. 

To  simply  name  the  establishments  which  depeud  upon  scientific  methods 
and  processes  for  their  administration  would  weary  your  patience.  I  have 
often  thought  of  what  an  opportunity  there  Is  here  for  some  one  with  the 
gift  of  story-telling  to  write  a  modern  version  of  the  "Arabian  Nights"  la 
which  shall  be  told  more  marvellous  things  than  Scheherazade  recited  for 
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the  amusement  of  the  bloodthirsty  Sultan,  and  yet  all  strictly  true.  The 
most  wonderful  story  In  that  book  full  of  wonders  is  that  of  **Aladdin  and 
his  Lamp."  According  to  the  story,  Aladdin  had  but  to  rub  the  lamp  to 
summon  the  genie,  who — to  use  the  phrase  of  the  old  story  teller —  was 
"ready  to  obey  him  as  his  slave,  the  slave  of  all  who  hold  the  lamp  In  their 
hands."  In  short,  the  genie  would  do  whatever  Aladdin  told  him  to. 
Aladdin  had  only  to  draw  on  his  imagination. 

And  now  having  cut  loose  from  all  pretence  of  adhering  to  plain,  unro- 
roantic  facts,  the  story  teller  gives  rein  to  his  imagination,  to  see  to  what 
lengths  his  untrammelled  fancy  can  carry  him.  In  his  wildest  flights  the 
genie  of  the  lamp  builds  for  Aladdin  a  splendid  palace  and  furnishes  it 
gorgeously;  provides  him  with  magnificent  apparel  and  sumptuous  ban- 
quets ;  i)rlngs  him  vessels  of  gold  and  silver,  and  jewelry  of  rare  work- 
manship, set  with  costly  gems.  Now  the  point  In  which  the  modern 
version  surpasses  the  ancient  one  is  that  all  this  has  actually  come  true  in 
Cleveland. 

You  can  see  on  our  streets  splendid  palaces  produced  and  ftirnlshed  by 
the  slave  of  the  lamp;  and  this  same  slave  has  brought  enormous  wealth, 
not  to  one  only  but  to  several  modern  Aladdins.  Aladdin  could  summon 
the  genie  only  by  rubbing  one  particular  lamp,  and  if  some  one  else  secured 
that  lamp  Aladdin  could  no  longer  control  the  genie.  But  in  these  latter 
days  we  can  summon  the  slave  by  rubbing  other  things  besides  a  lamp,  and 
we  have  found  out  many  ways  of  commanding  the  presence  and  service  of 
the  wonder-working  genie.  One  of  our  Cleveland  Aladdins  employs  a 
windmill  for  that  purpose.  Aladdin  stood  much  In  awe  of  the  slave  of  the 
lamp,  and  called  for  his  services  only  upon  rare  and  important  occasions. 
But  we  have  grown  more  familiar  with  him,  and  have  made  him  generally 
useful.  He  draws  wagons,  drives  machinery,  melts  refractory  substances, 
combines  and  separates  chemical  elements,  produces  light  and  heat  at  our 
pleasure,  runs  errands,  carries  messages, — In  fact  we  could  hardly  keep 
house  without  him. 

I  can  imagine  a  traveller  from  Cleveland  walking  the  streets  of  a  Persian 
city  and  falling  in  with  one  of  the  professional  story-tellers,  who  still 
amuse  the  people  of  the  East  by  spinning  marvellous  yarns  of  the  **  Arabian 
Nights"  variety.  The  traveller  listens  to  one  of  the  "Persian's  stories  and 
then  proposes  to  tell  one  himself.  He  begins  by  stating  that  what  he  will 
tell  will  be  a  plain  unvarnished  tale  of  what  could  be  seen  any  day  in  his 
native  town,  and  not  the  wild  flights  of  Eastern  fancy.  Then  he  tells  of 
the  manipulation  of  Iron  at  the  rolling  mills,  the  steel  works  and  the  forges ; 
of  the  marvels  of  mechanism  turned  out  by  Warner  &  Swazey ;  of  the  In- 
genious contrivances  employed  in  the  various  factories;  of  the  wonders 
wrought  by  chemical  processes;  of  the  work  of  the  modern  slave  of  the 
lamp  —  the  electric  lights  and  motors,  the  telephone  and  the  phonograph. 
And,  as  the  traveller  proceeds,  the  expression  on  the  old  Persian's  face 
changes  from  one  of  lively  Interest  and  astonishment  to  that  of  dejection 
and  defeat.  He  feels  himself  completely  outdone  in  narrating  marvels. 
Then  from  the  folds  of  his  robe  he  draws  and  extends  to  the  traveller  an 
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llaminated  card  upon  which  Is  iDscribed  Id  beaotlfol  Ferslan  characters — 
*'  I  am  some  thing  of  a  liar  myself." 

I  Deed  carry  the  Idea  no  farther.    Toa  can  each  write  yoar  own  version  ^ 

of  the  **  Modern  Arabian  Nights,**  and  keeping  strictly  within  the  realm 
of  accomplished  facts  as  exemplified  In  this  city,  you  may  tell  of  more  won- 
derful things  than  eyer  Eastern  story-teller  conceived  in  the  wildest  flights 
of  his  imagination.  We  hear  about  the  trlnmphs  of  science  until  the  sub- 
ject seems  trite,  and  yet  no  one  man  can  fully  realize  all  the  wonderful 
things  which  have  been  accomplished  in  the  many  and  Varied  fields  of  sci- 
entific investigation ;  the  rapid  advances  of  the  present;  or  the  possibilities 
of  Aiture  achievement. 

1  looic  forward  to  this  meeting  of  your  Association  for  new  revelations 
in  the  fields  of  scientific  research;  for  help  In  once  more  getting  abreast 
of  the  thought  and  work  of  the  day;  and  for  renewed  Inspiration  in  keep- 
ing step  with  the  march  of  progress,  and  In  doing  our  part  in  the  rapid 
advance  of  science.  The  citizens  of  Cleveland  are  Interested  in  the  work 
of  this  Association ;  they  are  ready  to  do  what  they  can  to  make  this  a  suc- 
cessful meeting;  and  in  their  behalf  I  extend  to  you  a  hearty  welcome. 

It  was  expected  that  Mayor  Babcock  would  deliver  the  address  of  wel- 
come on  behalf  of  the  city,  but  In  his  absence  the  duty  was  admirably  per- 
formed by  the  local  secretary.  Dr.  Elroy  M.  Avert.  In  the  course  of 
his  remarks,  he  said :  Ton  have  been  charmed  by  this  charming  story  of 
our  city,  but  it  is  incomplete,  for  what  is  Hamlet  with  Hamlet  left  out? 
I  am  not  the  mayor  of  the  city,  but  I  am  his  humble  and  obedient  slave. 
I  give  you  welcome  to  this  beautiful  city  in  the  name  of  its  quarter  of  a 
million  of  inhabitants.  In  the  name  of  the  municipality,  I  bid  yon  each 
and  every  one  a  cordial  welcome  to  the  Forest  City. 

President  Powkll  replied  as  follows : 

In  behalf  of  the  American  Association  for  the  Advancement  of  Science,  I 
give  you  most  hearty  thanks  for  the  welcome  you  have  extended  to  the  so- 
ciety, and  for  the  generous  provision  that  the  citizens  of  Cleveland  have 
made  for  its  meeting.  It  gives  us  great  joy  to  meet  in  this  beautiful  city. 
Cleveland  stands  on  a  terrace  fashioned  by  the  ice  of  a  continental  glacier 
and  the  waves  of  an  ancient  lake,  and  is  surrounded  on  one  side  by  beauti- 
ful Devonian  hills  and  on  the  other  by  crystal  waters.  We  remember  that 
here  at  Cleveland  the  waves  of  Erie  beat  in  solemn  rhythm  against  the  ^ 

grave  of  Garfield,  the  statesman  and  scholar  who.  In  all  his  public  life, 
sought  earnestly  and  successfully  the  advancement  of  science.  Our  meet- 
ing here  is  a  pilgrimage  to  his  tomb. 

In  the  early  years,  after  the  foundation  of  the  government,  a  few  great 
men  were  interested  in  the  philosophy  of  science,  In  its  facts  and  in  re- 
search. Franklin  was  a  physicist,  Jefferson  a  naturalist,  and  Qallatin  an 
anthropologist.  These,  and  other  great  men  of  the  time,  drank  deeply  at 
the  fountain  of  science ;  but  they  were  statesmen,  or  they  had  other  call* 
ings,  and  made  the  advancement  of  science  a  secondary  purpose.    Bat 
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slowly  scIeDtiflc  men  rose,  one  after  another,  who  devoted  their  entire  en- 
ergies to  research.  In  the  last  generation,  a  galaxy  of  great  scientific 
men  appeared  in  the  American  firmament:  Henry,  Bache,  Pierce,  the 
Bogers  brothers.  Gray,  Batrd,  and  many  others.  These  men  devoted  their 
lives  to  research  and  Instraction  in  science.  In  1840,  they  organized  the 
Association  of  Geologists  and  Naturalists,  and  in  1848  they  transformed 
that  society  into  the  American  Association  for  the  Advancement  of  Sci- 
ence. Since  that  time  the  society  has  embraced  in  its  membership  all,  or 
nearly  all,  of  the  scientific  men  of  America,  and  in  the  list  of  its  ofilcers — 
presidents,  vice-presidents  and  secretaries — the  names  of  many  of  the  il- 
lustrious scientific  men  of  the  country  are  enrolled. 

Most  of  the  great  men  of  that  generation  have  sailed  away  on  the  un- 
known sea.  A  few  only,  like  Dana,  Hall,  Newberry  and  Lesley,  remain  to 
guide  in  our  councils  and  to  cheer  on  the  labors  of  the  present  generation 
of  investigators.  The  society  which  they  organized  has  grown  with  the 
growth  of  the  country  and  the  far  more  rapid  growth  of  science,  until  it 
embraces  a  membership  that  constitutes  a  vast  corps  of  laborers  who  oc- 
cupy the  border-land  of  knowledge  which  is  the  field  of  research.  To 
enumerate  in  systematic  order  the  fields  of  research  occupied  by  the  vari- 
ous members  of  this  association  would  be  to  formulate  a  classification  of 
the  sciences. 

Atoms,  mountains  and  worlds,  with  all  inorganic  bodies  and  all  inor- 
ganic motions,  are  to  be  examined  in  the  study  of  the  inorganic  realm. 

The  phenomena  of  nature  are  qualitative  and  quantitative,  and  out  of 
quantitative  relation  the  abstract  science  of  mathematics  has  been  devel- 
oped, and  this  science  of  measurement  is  rapidly  being  applied  to  the 
qualitative  sciences.  There  are  many  men  engaged  in  mathematical  re- 
searches. 

There  are  members  who  study  the  stars,  compute  their  distances  and 
determine  their  courses,  and  who  are  seeking  to  solve  the  mysteries  of  the 
constitution  of  the  bright  sun  and  the  pale  moon ;  for  on  the  chariot  of 
light  they  drive  through  the  storms  of  the  greater  orb  and  explore  the 
dim  fields  of  the  lesser. 

Others  with  patient  labor  seek  to  discover  the  nature  of  light,  of  elec- 
tricity and  of  gravity  —  the  mysterious  force  that  impels  the  universe. 

There  are  others,  many  others,  who  are  investigating  the  minute  con- 
stitution of  matter  and  determining  its  many  forms.  These  forms  are  for- 
ever changing.  The  crystals  of  the  rocks  that  make  up  the  mountain  mass 
are  dissolved  and  their  atoms  redistributed  in  new  forms,  and  chemical 
changes  are  in  progress  wherever  human  investigation  can  penetrate. 
The  tree  grows  and  decays,  and  man  Is  but  a  form — a  mold,  through  which 
streams  of  atoms  pour  in  waves  of  chemlc  change.  So  the  chemist  stud- 
ies the  laws  which  govern  the  constitution  of  bodies  and  under  which  they 
are  forever  in  flux. 

There  are  others  who  are  studying  the  molar  motions  and  mechanical 
powers  by  which  waters  are  made  to  turn  mills,  winds  to  waft  vessels  and 
steam  to  drag  cars. 

There  are  others  who  study  the  atmosphere  which  bathes  the  earth. 
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They  study  the  coming  and  going  of  storms,  where  fierce  cyclones  are 
born,  how  the  cold  wave  creeps  from  polar  regions  and  the  hot  wave  trom 
the  tropics. 

There  are  others  who  are  studying  the  surface  of  the  earth — the  lands 
and  seas  In  all  their  places  and  forms.  At  the  far  North  there  is  a  region 
walled  by  ice  a  million  and  a  half  square  miles  in  extent,  but  even  into  this 
land  of  ice  they  penetrate.  About  the  South  pole  there  is  an  area  of  seven 
million  square  miles  inclosed  by  a  barrier  of  ice  —  an  unknown  region  In- 
to which  the  modem  scholar  Is  bound  to  enter.  Between  these  walls  the 
whole  habitable  earth  is  spread ;  and  they  are  exploring  all  its  seas,  navi- 
gating all  its  rivers,  climbing  all  its  monn tains  and  threading  all  Its  canons. 

A  great  army  of  men  Is  engaged  in  the  study  of  the  constitution  of  the 
earth— the  origin  of  mountains  and  valleys,  of  hills  and  prairies,  of  vol- 
canoes  and  geysers,  of  cataracts  and  caves  and  of  rivers  and  lakes  and 
seas.  They  examine  the  great  coral  reefs  and  islands  of  the  sea,  and  they 
study  the  great  coral  rocks  of  the  land  —  the  fossil  reefo  and  Islands  of 
ages  gone  by.  Climbing  among  cliffs  they  study  the  anatomy  of  dead  vol- 
canoes, and  climbing  to  the  brink  of  craters  they  study  the  physiology  of 
living  volcanoes.  If  an  earthquake  rends  the  rocks,  they  measure  the  vi- 
brations of  Its  waves,  and  with  the  eye  of  science  penetrate  to  the  centre 
of  the  disturbance  and  draw  npon  their  maps  the  lines  of  weakness  in  the 
crust  of  the  earth.  They  follow  the  sands  that  are  washed  by  storms  from 
the  mountain  sides  until  they  find  them  built  by  the  sea  into  Islands  and 
coasts.  With  microscope  and  crucible  they  study  the  constitution  of  gran- 
ite, basalt,  trachyte  and  other  rocks  wherein  appear  the  crystal  forms  of 
many  minerals.  They  show  that  the  grand  mountain  form,  with  its  crags 
and  peaks  and  grottoes,  where  forests  stand,  where  lakes  are  embosomed 
and  where  cataracts  flash  in  the  snnsiiine,  is  indeed  an  aggregation  of 
many  gems  l>eautiful  in  form  and  brilliant  in  color. 

But  man  is  not  satisfied  with  the  knowledge  which  comes  with  the  study 
of  the  inorganic  realm;  he  essays  to  solve  the  mysteries  of  life. 

An  army  of  men  is  engaged  in  the  investigation  of  vegetal  life.  They 
find  minute  but  beautlHil  plants  that  grow  as  dust  on  polar  Ice ;  In  dank 
fields  they  find  fungi,  on  rocks  they  find  mosses,  on  the  waves  they  find 
sea-weeds,  on  tropical  trees  they  find  orchids,  on  the  prairies  they  find  as- 
ters, in  the  savannas  they  find  lilies,  in  the  Jungle  they  find  palms,  in  the 
forests  they  find  onks,  on  the  mountain  fianks  they  find  sequoias ;  and  they 
study  all  these  forms  and  a  thousand  more,  and  out  of  their  study  grows 
the  science  of  botany.  Then  they  must  know  how  these  forms  became, 
and  they  trace  their  origin  in  the  dim  past,  and  they  exhume  the  forms  of 
plant  life  from  the  tombs  of  ancient  meadows  and  groves. 

Then  another  army  of  men  is  engaged  In  the  Investigation  of  animal 
life,  and  they  find  the  land  and  the  sea  teeming  with  varied  forms.  In  the 
sea  the  coral  animals  grow  and  build  their  weird  structures.  On  the  bot- 
tom and  shores  of  the  sea  moliusks  crawl,  carrying  with  them  their  pearl- 
lined  homes.  There  are  moliusks  in  all  the  lakes,  in  all  the  rivers,  in  all 
the  brooks  and  in  all  the  ponds,  and  they  wander  over  the  lands  and  climb 
the  traes.    On  the  lands  there  are  crawling  worms  and  in  the  seas  crawl- 
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lug  articulates,  and  the  world  Is  covered  with  crawling  insects.  The  ants 
live  in  cities  of  their  own  building,  the  bees  live  on  the  clover  blossoms 
and  the  butterflies  play  among  the  roses.  The  fishes  swim  in  the  waters, 
the  reptiles  crawl  in  the  marshes,  the  birds  fly  in  the  air,  and  the  beasts 
roam  over  the  land.  These  animal  tovma  are  studied  and  classified,  and 
we  have  systematic  zoology.  But  this  is  not  ali  of  zoology.  In  the  life 
of  every  living  thing  there  is  a  wonderAiI  history  of  transformation ;  so 
zoologists  study  the  birth,  growth  and  death  of  animals.  Then  they  dis- 
cover the  origin  of  present  tribes,  by  investigating  tlie  forms  of  life  that 
have  existed  in  the  past,  and  they  call  upon  the  rocks  to  reveal  their  evo- 
lution. 

Man  essays  to  learn  the  marvellous  structure  of  the  human  form,  and 
the  worlcing  of  this  complicated  organism,  and  the  processes  by  which 
the  materials  of  the  world  are  transformed  into  brawn  and  brain,  and  by 
which  the  powers  of  the  dead  universe  are  transformed  into  life.  This 
study  gives  us  the  science  of  human  biology.  Having  learned  how  men 
live,  scholars  seek  to  learn  how  men  may  live  longer.  In  his  course  of 
conquest,  man  has  transformed  trilies  of  wild  beasts  into  herds  and  flocks ; 
he  makes  the  cataract  his  slave  and  laughs  at  the  lightning;  a  multitude 
of  enemies  by  which  he  was  once  surrounded  have  now  become  his  friends ; 
in  his  puissance  he  seems  to  have  conquered  all ;  but  while  he  has  subdued 
many  of  his  great  enemies,  he  is  surrounded  by  hosts  of  inflnitesimal  foes. 
He  fears  no  attack  of  the  lion,  but  he  surrenders  in  death  at  the  attack  of 
the  microbe,  yet  by  light  of  science  he  seeks  to  disarm  and  destroy  these 
infinitesimal  foes. 

Stars  in  their  orbits,  atoms  in  their  afiSni ties,  plants  in  their  growth,  an- 
imals in  their  fbnctions,  present  fields  of  research  so  vast,  problems  so 
recondite,  that  it  might  be  supposed  that  the  human  reason  would  tremble 
under  the  load;  but  in  fact  the  burthen  thus  carried  has  trained  the  pow- 
ers of  the  mind  to  greater  feats  of  reason,  and  man,  triumphant  in  his  re- 
searches through  the  universe  of  matter  and  life,  essays  at  last  to  study 
himself,  and  he  is  organizing  the  science  of  anthropology.  A  galaxy  of 
stars,  a  mountain  of  crystalline  forms,  a  forest  of  plants,  an  island  of  life, 
are  indeed  subjects  worthy  of  contemplation,  but  man,  living  in  many 
lands,  skilled  in  many  arts,  organized  into  many  tribes  and  nations,  speak- 
ing many  languages,  thinking  many  thoughts,  propounding  many  philoso- 
phies, is  the  grander  theme  of  anthropology. 

At  the  threshold  of  anthropology  we  meet  with  the  science  which  seeks 
to  explain  Iiow  life  is  transformed  into  mind;  how  the  blush  on  the  apple 
is  transformed  into  the  blush  on  the  cheek,  how  the  flight  of  the  bird  is 
transformed  into  the  flight  of  the  imagination,  and  how  the  brain  with  the 
nervous  system  is  made  the  organ  of  this  mind.  How  wonderful  it  is  that 
sensation,  perception,  reasoning,  memory,  feeling,  emotion  and  will  ap- 
pear as  functions  of  this  mysterious  organ.  In  these  researches  many 
men  are  employed. 

Man  has  sought  out  many  inventions ;  thus  we  have  the  arts.  To  eat 
the  berry  from  the  bush,  to  munch  the  nut  ftom  the  tree,  to  devour  the 
clam  on  the  bank,  or  to  waylay  a  terrified  hare,  is  to  do  no  better  than 
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tbe  bnite ;  bat  to  plant  an  orchard,  to  caltlvate  and  stock  a  fishcfj,  or  to 
shepherd  flocks,  Is  to  play  tbe  better  part  of  man.  To  hide  in  caves  is  to 
compete  with  wolves ;  to  construct  homes  Is  to  become  a  creator.  To 
seek  protection  from  the  pelting  storm  nnder  the  foliage  Is  but  a  bird's  de- 
vice, bat  to  clothe  himself  in  raiment  is  the  invention  of  man.  So  the  arts 
of  life  are  developed.  First,  man  learned  to  ase  the  mechanical  powers; 
then  he  learned  to  atlllze  the  subtle  energies  that  pervade  the  ani verse. 
So  all  of  the  industrial  arts  have  been  invented.  First  he  learned  danc- 
ing, then  rhythm,  then  melody,  then  harmony;  until  at  last  the  fireside  is 
cheered  by  song  and  the  multitude  filled  with  supreme  emotion  by  choir 
and  orchestra.  At  first  be  painted  pictures  on  the  skius  of  beasts  and 
etched  them  on  the  rocks,  and  at  last  he  paints  pictures  that  mirror  lire  and 
landscapes  that  mirror  nature.  At  first  he  scratched  signs  ou  the  bark  of 
trees  to  mark  the  simple  events  of  his  Journey ;  having  invented  letters 
and  printing,  he  fills  libraries  with  the  records  of  his  knowledge.  So  arts 
industrial  and  arts  flsstbetic  were  evolved,  and  the  history  of  all  these  in- 
ventions has  become  the  theme  of  modern  investigation ;  and  men  exca- 
vate caves,  open  ancient  graves,  examine  mounds  and  sift  the  debris  of 
ruined  cities  for  the  materials  of  archseology. 

There  are  many  languages,  and  there  are  many  men  who  study  these 
languages,  and  they  have  created  tbe  science  of  pliilology.  In  the  begin- 
ning man  might  shout  his  words  across  the  creek,  but  to  speak  to  his 
friend  across  the  river  be  must  swim  the  river;  but  now  he  speaks  across 
tbe  sea.  There  was  a  time  when  a  spoken  word  died  on  the  breeze,  but 
now  it  Ih  recorded  for  all  time. 

The  evolation  of  animal  life  is  by  the  method  characterized  as  tbe  sur- 
vival of  the  fittest  in  tbe  struggle  for  existence.  It  is  a  brutal  method  of 
progress.  It  Is  progress  by  pain  and  death.  It  means  to  starve  the  weak, 
to  torture  tbe  unfortunate,  and  to  rejoice  in  all  calamity,  for  so  progi*ess  is 
made  in  the  animal  world.  Tbe  rule  of  nature,  under  tbe  law  of  the  survival 
of  the  fittest,  involves  the  supremacy  of  claw  and  beak  and  poisoned  fang. 
But  man  Invents  a  new  method  of  progress  by  human  endeavor.  He  has 
organized  institutions  to  establish  peace,  to  secure  justice  and  to  promote 
mutual  assistance.  The  organization  of  society  and  the  establishment  of 
laws  to  secure  justice  effect  a  repeal  of  the  biotic  law, — '*  tbe  survival  of 
the  fittest  in  the  struggle  for  existence."  Tbe  rise  and  fall  of  states,  tbe 
growth  of  forms  of  government,  tbe  development  of  law,  and  tbe  inter- 
dependence of  Industries  are  subjects  of  inquiry  with  many  men ;  and  so 
researches  relating  to  human  institutions  are  organized,  and  a  multitude 
of  men  are  engaged  In  this  worlc. 

Man  is  an  animal  In  body,  stomach,  and  legs;  but  then  he  is  an  animal 
with  opinions,  and  forever  he  has  been  systemlzlng  these  opinions  into 
philosophies.  In  tbe  earliest  philosophy  everything  was  endowed  with  life 
and  deified — stones,  trees,  fountains,  forests,  beasts,  winds,  waves,  and 
stars ;  and  the  mysteries  of  the  universe  were  explained  by  making  all  these 
things  Intelligent  actors.  From  this,  the  earliest  philosophy  of  the  lowest 
savage,  it  is  a  long  way  to  the  philosophy  of  science,  and  there  have  been 
many  stages.    That  hollow  dome,  the  firmament,  has  become  Infinite  space ; 
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the  wind,  that  was  at  first  believed  to  be  the  breath  of  beasts  stationed  at 
the  foar  corners  of  the  earth,  has  at  last  become  the  circumambient  air  In 
motion  under  pliysicol  laws ;  the  flat  plain  of  earth  has  become  a  globe ; 
astrology  has  become  astronomy;  alcliemy  has  become  chemistry;  witch- 
craft has  become  medicine ;  beast  gods  have  become  domestic  animals ; 
and  nature  gods  have  become  energies  tliat  can  be  used  as  the  servants  of 
man.  The  history  of  these  opinions  and  of  the  philosophies  Into  which 
they  are  woven  is  now  a  theme  for  the  investigation  of 'many  men. 

So  the  members  of  this  society  are  prosecuting  Investigations  in  the 
realms  of  motion,  life,  and  mind ;  and  there  Is  such  a  division  of  labor  that 
every  great  science  Included  In  these  realms  has  Its  devotees.  It  is  a 
goodly  work.    It  is  a  grand  work. 

Dr.  Julius  Pohlman,  of  Buffalo,  having  been  nominated  by  the  Coun- 
cil, to  fill  the  vacancy  caused  by  the  resignation  of  the  General  Secretary 
elected  at  tiie  New  York  Meeting,  was  elected  General  Secretary  for  the 
Cleveland  meeting. 

The  Gknkral  Sbgrktary  announced  that  one  hundred  and  twenty-six 
new  members  had  been  elected  by  the  Council  since  the  close  of  the  New 
York  Meeting,  and  tliat  one  hundred  and  thirty-seven  papers  had  been  pre- 
sented for  the  present  meeting. 

Oil  recommendation  of  the  Council,  it  was  voted  that  the  forenoon  ses- 
sions be  held  from  10  to  12i  o'clock,  and  that  the  afternoon  sessions  begin 
at  2  o'clock,  standard  time. 

The  Permanent  Secretary  stated  that  since  the  last  meeting  the  As- 
sociation had  lost  two  of  its  original  members :  Prof.  Spencer  F.  Baird, 
who  died  August  19,  1887,  was  the  first  Permanent  Secretary  of  the  Asso- 
ciation and  held  the  office  for  the  6th,  6th  and  7th  meetings,  the  last  be- 
ing the  meeting  of  1858,  held  here  in  Cleveland. 

Prof.  AsA  Gray,  the  other  original  member,  was  President  of  the  Indi- 
anapolis meeting  In  1871.    He  died  January  80,  1888. 

Notices  had  also  been  received  of  the  death  of  the  following  members. 

Hardway  H.  Dinwiddib,  College  Station,  Tex.  (32).  Died  Dec.  11, 
1887. 

George  Newell  Doggett,  Chicago,  111.  (33).    Died  Jan.  16,  1887. 

Walter  Angus  Dun,  Cincinnati,  Ohio  (81).    Died  Nov.  7,  1887. 

EzBKiEL  B.  Elliott,  Washington,  D.  C.  (10).  The  first  Vice  President 
of  Section  I.    Died  May  24,  1888. 

Joseph  Figklin,  Columbia,  Mo.  (20).    Died  Sept.  6,  1887. 

A.  E.  Heighway,  Cincinnati,  Ohio  (29).    Died  Jan.  24,  1888. 

Henry  A.  Homes,  Albany,  N.  Y.  (11).    Died  Nov.  3,  1887. 

Roland  Duer  Irving,  Madison,  Wis.  (26).    Died  May,  1888. 

Ethan  Pendleton  Larkin,  Alfred  Center,  N.  Y.  (33).  Died  Aug.  23, 
1887. 

Henry  Carvill  Lewis,  Philadelphia,  Pa.  (26)    Died  July  21,  1888. 

MosES  Lyford,  Springfield,  Mass.  (22).    Died  Aug.  4,  1887. 

A.  B.  McCuTCHEN,  Atlanta,  Ga.  (26).    Died  Nov.  21,  1887. 
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Donald  MacGregor,  Honston,  Tex.  (33).    Died  lo  October,  1887. 
Elisha  N.  Sill,  Cuyahoga  Falls,  Ohio  (6).    Died  April  26,  1888. 
Silas  Stearns,  Pensacola,  Fla.  (28).    Died  Anj;.  2,  1888. 
Jabies  Stevenson,  Washington,  D.  C.  (29).    Died  Jaly,  1888. 
Leandbr  Stone,  Chicago,  111.  (32).    Died  April  2,  1888. 
Algernon  Sidney  Sullivan,  New  York,  N.  Y.  (86).    Died  Dec.  4, 1887. 
Robert  N.  Taylor,  Toliesboro,  Lewis  Co.,  Ky.  (37).    Died  Aug.  13, 
1888. 
H.  F.  Walling,  Cambridge,  Mass.  (16).    Died  April  8,  1888. 
Samuel  D.  Warren,  Boston,  Mass.  (29).    Died  May  11,  1888. 
P.  O.  Williams,  Watertown,  N.  Y.  (24). 
Amos  H.  Wokthkn,  Springfield,  111.  (5).    Died  May  6,  1888. 

By  direction  of  the  Council  the  Permanent  Secretary  gave  a  state- 
ment of  the  financial  condition  of  the  Assoclailon.  After  annoancemeuts 
by  the  Local  Secretary,  the  General  Session  adjourned  to  meet  iu 
Sections. 

In  the  evening,  a  Obnbral  Session  was  held  in  the  hall  of  the  High 
School,  at  which  a  large  number  of  citizens  were  present,  and  the  Retir- 
ing President,  Professor  Lanoley,  delivered  his  address,  entitled  **The 
history  of  a  scientific  doctrine." 

The  Oenkral  Session  on  Thursday  was  called  to  order  by  the  President 
at  10  o'clock  A.  m. 

Prof.  C.  J.  H.  Woodbury  of  Boston,  was  elected  Vice  President  of  Sec- 
tion D  to  fill  the  vacancy  caused  by  the  absence  of  Prof.  Calvin  M.  Wood- 
ward. Notice  was  given  that  the  Western  Reserve  Historical  Society 
had  Invited  the  Association  to  visit  Its  rooms  between  1  and  6  o'clock  p.  m. 
on  week  days  and  from  3  to  6  o'clock  on  Sunday  afternoon ; —  and  that  the 
Cleveland  Automatic  Refrigerator  Co.  invited  the  Assocllitlon  to  an 
inspection  of  Its  works  on  Friday,  ttom  5  to  7  o'clock  p.  m. 

At  the  General  Session  on  Friday  an  invitation  from  Dr.  Clarke  of 
Berea  was  received,  for  the  inspection  of  his  unique  collection  of  fossil 
fishes.  Several  announcements  were  made  regarding  the  Saturday's  ex- 
cursion. 

In  the  evening  Major  Powell  delivered  a  lecture  on  ''Competition  as  a 
factor  in  Human  Progress." 

At  the  General  Session  on  Monday  morning.  Professor  Staley  of  the 
Case  School  of  Applied  Sciences,  told  why  the  Association  had  not  been  In- 
vited to  visit  the  school,  the  cause  being  that  only  the  bare  walls  of  the 
new  building  were  ready  for  inspection. 

In  the  evening,  Prof.  T.  C.  Mendenhall  lectured  on  **  Japanese  magic 
mirrors." 

The  General  Session  was  called  to  order  on  Tuesday  morning  by  the 
Senior  Vice  President,  Prof.  George  H.  Cook.  The  names  of  the  officers 
for  the  ensuing  year,  selected  by  the  Nominating  Committee,  were  pre- 
sented as  follows : 
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FBESIDEISTT. 
T.  C.  Mendenhall  of  Terre  Hante,  Ind. 

VICE  PRESIDEIl'TS. 

A.  MathematicB  and  Astronomy —R.  S.  Woodward  of  Washington. 

B.  Physics— H.  S.  Carhart  of  Ann  Arbor,  Mich. 

C.  Chemistry— William  L.  Dudley  of  Nashyille,  Tenn. 

B.  Mechanical  Science  and  Engineering— Arthur  Brardslet  of 
Swarthmore,  Pa. 

E.  Geology  and  Geography— Charles  A.  White  of  Washington. 

F.  Biology— George  L.  Goodale  of  Cambridge,  Mass. 

H.  Anthropolofi^y- Garrick  Maixery  of  Washington. 

I.  Economic  Science  and  Statistics— Charles  S.  Hill  of  Washing- 
ton. 

FEBMANENT  SECBETABY. 

F.  W.  Putnam  of  Cambridge,  Mass.  (ofBce  Salem,  Mass.).    Holds  over. 

GEITEBAIi  SECBETABY. 

C.  Leo  Mees  of  Terre  Haute,  Ind. 

SECBETABY  OF  THE  CGUNCIIi. 
Frank  Baker  of  Washington. 

SECBETABIES  OF  THE  SECTIONS. 

A.  Mathematics  and  Astronomy— G.  C.  Comstock  of  Madison,  Wis. 

B.  Physics— E.  L.  Nichols  of  Ithaca,  N.  T. 

C.  Chemistry— Edward  Hart  of  Easton,  Pa. 

D.  Mechanical  Science  and  Engineering^JAMEs  E.  Denton  of 

Hoboken,  N.  J. 

E.  Geology  and  Geography- John  C.  Branner  of  Little  Rock,  Ark. 

F.  Biology— Amos  W.  Butler  of  Brookvllle,  Ind. 

H.  Anthropology— W.  M.  Beauchamp  of  Baldwinville,  N.  J. 

I.  Economic  Science  and  Statistics— J  R.  Dodge  of  Washington, 
D.  C. 

TBEASUBEB. 

William  Lilly  of  Maach  Chunk,  Pa. 

AUDITOBS. 

Henry  Wheatland  of  Salem,  Mass.,  Thomas  Meehan  of  Germantown,  Pa. 
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On  motion,  it  was  voted  that  the  Skcrbtary  be  directed  to  cast  a  bal- 
lot for  the  election  of  the  nominees,  which  was  done  and  they  were  de- 
clared elected  as  officers  for  the  next  meeting. 

On  the  recommendation  of  the  Nominating  Committee,  it  was  voted  to 
accept  the  invitation  for  Toronto  and  hold  the  next  meeting  there,  be- 
ginning with  the  meeting  of  the  Couxcil  on  Tuesday,  Aug.  27,  1889,  and 
the  first  Grneral  Session  on  Wednesday,  Aug.  28. 

On  recommendation  of  Section  C,  Dr.  F.  A.  Genth  of  Philadelphia, 
Pa.,  was  elected  an  Honorary  Fellow  of  the  Association. 

The  Secrktart  annoanced  that  the  following  had  been  elected  Fellows 
by  the  Council  : — 
Baylor,  James  B.,  U.  S.  Coast  Survey,  Washington,  D.  0.  (83).    A 
Bigelow,  F.  H.,  Bacine,  Wis.    (36).    A 
Boas,  Franz,  New  York  (36).    H 
Bransford,  John  Francis,  Washington,  D.  C .  (36).    H 
Campbell,  Douglas  H.,  Detroit,  Mich.  (84).    F 
CoUingwood,  Francis,  Elizabeth,  N.  J.  (36).    D 

Cushlng,  Henry  Piatt,  Minn.  Normal  School,  Mankato,  Minn.   (33).    XS 
Denton,  James  £.,  Stevens  Institute,  Hoboken,  N.  J.  (36).    D 
Greeu,  Arthur  L.,  Lafayette,  Ind.  (33).    O 
Howe,  James  Lewis,  Louisville,  Ky.  (86).     C 
Johnson,  Arnold  Burges,  Washington  (35).    B 
Kemp,  James  F.,  Ithaca,  N.  Y.  C36).    E 
Keiser,  £dwai*d  H.,  Bryn  Mawr,  Pa.  (85).    C 
Leavenworth,  F.  P.,  Haverford  College,  Pa.  (30).    A 
Matthews,  Washington,  Washington,  D.  C.  (87).    H 
McGill,  John  T.,  Vanderbilt  University,  Nashville,  Tenn.  (35).    C 
Menocal,  A.  G.,  Washingtoh,  D.  C.  (36).    D 
Nason,  Frank  L.,  Geological  Survey  of  New  Jersey,  New  Brunswick,  N.J. 

(36).  E 
Nicholson,  H.  H.,  University  of  Nebraska,  Lincoln,  Neb.  (36).    C 
Seymour,  Wm.  P.,  Troy,  N.  Y.  (19).    H 
Sharpless,  Isaac,  President  Haverford  College,  Pa.  (83).    A 
SImonds,  Frederick  W.,  Fayetteville,  Ark.  (25).    S  F 
Snyder,  Henry,  Oxford,  Ohio  (30).    B  C 

Staley,  Cady,  Case  School  of  Applied  Science,  Cleveland  (37).    D 
Stevenson,  J.  J.,  University  of  City  of  New  York  (86).    E 
Thompson,  Ellhu,  Lynn,  Mass.  (37),    B 
Tittman,  O.  H.,  Washington,  D.  C.  (24).    A 
Towne,  Henry  R.,  Stamford,  Conn.  (33).    I>  E 
Tucker,  Willis  G.,  Albany,  N.  Y.  (29).     O 
Ware,  William  R.,  Columbia  College,  New  York  (36).    D 
Warner,  Worcester  R.,  Cleveland,  O.  (33).    D 
Weber,  Henry  A.,  Ohio  State  University,  Columbus,  O.  (35).    O 
Willson,  R.  W.,  Cambridge,  Mass.  (30).    A 
Wilson,  Thomas,  Washington,  D.  C.  (36).    H 
Worthen,  William  E.,  New  York  (36).    D 
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The  Committee  on  the  Registration  of  Births,  Marriages  and  Deaths, 
was  discharged. 

The  Committee  on  Stellar  Magnitudes  was  discharged  at  Its  own  re- 
quest. 

The  Committee  on  Anatomical  Nomenclature,  finding  Its  work  difficult, 
asked  for  an  extension  of  time  to  prepare  a  report.    Granted. 

The  Committee  on  Physics  Teaching  made  a  report  and  was  continued. 

The  Committee  on  the  Reduction  of  the  Tariff  on  Scientific  Books  and 
Apparatus  made  a  report  and  was  continued. 

The  Committee  on  the  Preservation  of  Archseologlc  Monuments  on 
the  Public  Lands  made  a  report  and  was  continued. 

The  Committee  on  International  Congress  of  Geologists  reported 
through  Prof.  G.  H.  Cook. 

Prof.  C.  H.  Hitchcock  moved  that  the  report  be  accepted  as  presented 
and  the  committee  be  continued;  seconded  by  Prof.  N.  H.  Winchell 
and  carried  unanimously. 

It  was  moved  by  Professor  Harkness  that  all  the  reports  be  published 
In  the  Proceedings  of  the  Association.    Voted. 

The  Secretary  announced  that  the  Council  recommended  the  formation 
of  the  following  committees :  and  the  same  were  duly  elected. 

On  Chemistry  Teaching.  W.  H.  Seaman,  William  L.  Dudley,  H.  W.  Wi- 
ley, W.  O.  Atwater  and  W.  A.  Noyes. 

On  Water  Analysis.  G.  C.  Caldwell,  J.  W.  Langley,  J.  A.  Myers,  W.  P. 
Mason,  R.  B.  Warder  and  W.  H.  Seaman. 

On  Organization  of  a  NcUioTial  Chemical  Organization.  A.  B.  Prescott, 
Alfred  Springer  and  Edward  Hart. 

Dr.  A.  B.  Prescott  was  appointed  substitute  for  Mr.  Scudder  on  the  com- 
mittee on  indexing  chemical  literature. 

On  a  Universal  Language.  Horatio  Hale,  H.  W.  Henshaw,  Alex.  McFar- 
land. 

Mr.  P.  H.  Dudley,  the  Honorary  Special  Agent  of  Transportation,  made 
a  report  which  was  read  and  ordered  to  be  printed  In  the  Proceedings. 

The  concluding  General  Session  was  held  on  Tuesday  evening  August 
21,  In  the  hall  of  the  High  School.  Vice  President  Cook  presided  In  the 
enforced  absence  of  President  Powell.  The  members  of  the  Association 
were  In  good  humor  and  were  bound  to  show  their  appreciation  of  the 
hospitality  and  kindness  of  the  Cleveland  people  which  has  been  shown 
In  so  many  ways  during  the  meeting.  Secretary  Pohlman  announced  that 
C.  A.  Marks  of  Cleveland  had  been  elected  a  member  of  the  Association 
and  then  presented  the  following  report  from  the  Section  on  Anthropology, 
which  was  unanimously  adopted : 

BesQlvedf  that  we  heartily  commend  the  effort  of  the  Western  Reserve 
Historical  Society  to  secure  Fort  Hill  to  the  people  of  Ohio.  That  we  ap- 
preciate highly  the  Importance  of  preserving  to  all  time  In  perfect  condi- 
tion oii^  of  the  wonderful  remains  of  antiquity,  so  fast  disappearing,  and 
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recommend  to  the  citizens  of  Ohio  the  work  already  began  at  the  Serpent 
Moand  in  that  state  by  citizens  of  Miissachasetts. 

This  resolution  brought  forth  remarks  on  the  necessity  of  preserving 
the  wonderful  relics  of  prehistoric  man  which  exist  In  Ohio  and  also  in 
other  parts  of  the  conn  try. 

Professor  Putnam  said  that  It  had  been  discovered  that  some  earth- 
woriss  III  Asia  bear  a  strong  resemblance  to  those  In  Ohio  and  it  was  most 
important  to  preserve  the  latter,  In  order  that  comparisons  be  made  In 
tlie  future.  He  called  particular  attention  to  the  duty  of  tlie  citizens  of 
the  state,  upon  whom  largely  rested  the  responsibility  of  rescuing  from 
destruction  these  monuments  of  another  race.  He  called  upon  the  people 
of  Cleveland  to  furnish  funds  for  tiiat  purpose.  Fort  Hill,  he  said,  beara 
evidence  of  great  autiquity,  and  it  has  a  peculiar  Interest  for  all  students 
of  archieology. 

Mr.  Thomas  Wilson  of  Washington,  called  attention  to  the  methods  by 
which  European  nations  ttike  care  of  their  prehistoric  monuments  and 
emphasized  the  necessity  for  similar  proceedings  In  the  United  States. 

The  following  resolutions  were  then  read : — 

Besolvedy  that  we,  the  members  of  the  American  Association  for  the 
Advancement  of  Science,  hereby  desire  to  express  oar  heartfelt  thanlcs  to 
the  Local  Committkb  selected  by  the  citizens  of  Cleveland  to  look  after 
our  well-being;  that  we  duly  appreciate  the  work  done-  for  our  individual 
comfort  and  pleasure  and  also  that  performed  for  the  success  of  the  meet- 
ing by  the  subcommittees;  that  we  grateAilly  record  our  obligations  to 
the  genial  secretary,  Dr.  Elkot  M.  Avbry,  who  with  untiring  energy 
has  performed  the  laborious  and  often  oneroas  duties  of  liis  important 
office. 

Resolved^  that  the  thanks  of  this  Association  are  doe  and  are  hereby 
heartily  tendered  to  the  Ladiks  of  the  Local  Committee  and  their  friends 
for  their  thoughtfulness,  their  devoted  attention  and  their  generous  hospi- 
tality to  members  and  their  families  during  our  stay  In  this  beautiful  city. 

We  offer  our  thanks  to  the  Managers  of  the  Excursion  to  Kelley  Island 
and  Put-in  Bay,  who  had  the  rare  foresigiit  and  wisdom  to  select  for  that 
occasion  the  most  lovely  day  of  the  week,  who  provided  for  us  pleasant 
and  amiable  company  and  who,  without  forgetting  our  material  wants, 
delighted  our  ears  with  strains  of  sweet  song  and  music  rendered  by  a 
corps  of  artists  who  gave  evidence  that  Cleveland  Is  a  city  where  the  *  (it- 
test  survive'  in  many  different  forms.  This  favorable  combination  made 
the  occasion  one  that  will  long  linger  in  the  memory  of  the  fortunate  ones 
who  participated.  We  particularly  desire  to  place  on  record  our  obliga- 
tions to  Mr.  and  Mrs.  S.  T.  Everett,  Mr.  and  Mrs.  Stewart  Chisholm,  Mr. 
and  Mrs.  T.  D.  Crocker,  Mr.  and  Mrs.  R.  K.  Winslow,  Mr.  and  Mrs.  George 
H.  Ely,  Mr.  and  Mrs.  W.  S.  Tyler,  Mrs.  J.  E.  Carey,  and  Mrs.  J.  F.  Clarke, 
for  the  kindness  shown  us  in  opening  their  homes  to  us,  giving  us  an  op- 
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portunity  to  see  some  of  the  most  beautiful  residences  on  one  of  the  finest 
avenues  in  our  country.    Lllsewise  to  Mr.  W.  J.  Gordon  for  opening  his 
beautiful  and  extensive  park  for  our  enjoyment,  and  to  Mr.  and  Mrs.  L. 
f  E.  Holden  for  the  delightful  reception  given  us  at  their  charming  summer 

residence  on  tiie  lake  shore. 

The  facilities  of  the  High  School,  making  it  possible  to  hold  the  meet- 
ings of  ail  the  sections  under  one  roof,  are  duly  appreciated,  and  that  this 
building  was  placed  at  the  disposal  of  the  Association  for  our  meetings 
calls  for  a  cordial  expression  of  thanks  to  the  Board  of  Education. 

Our  thanks  are  due  to  the  Dully  Press  of  Cleveland  for  the  care  which 
has  been  taken  to  publish  abstracts  of  papers  and  addresses  and  long  se- 
ries of  edltorluls  and  notices,  by  which  the  work  of  the  Association  has  been 
placed  before  the  public,  again  demonstrating  Its  valuable  aid  in  the  diffu- 
sion of  knowledge.  To  the  Western  Reserve  Historical  Society  whl^h 
opened  its  rooms  at  hours  most  convenient  to  the  members  of  the  Associa- 
tion, giving  thereby  an  opportunity  to  examine  the  valuable  collections 
accumulated  by  the  energy  and  perseverance  of  a  few  far-sighted  members 
of  the  community,  we  also  offer  our  appreciative  thanks. 

To  the  Western  Union  Telegraph  Company  for  placing  its  wires  at  the 
disposal  of  the  members  of  the  Association  for  the  transmission  of  social 
messages ;  to  the  various  Railroad  Companies  for  granting  reduced  return 
fares;  to  tlie  Telephone  Exchange  for  facilities  granted,  and  to  a  host  of 
citizens  of  Cleveland  who  have  contributed  to  the  comfort  and  pleasure 
of  the  members  of  the  Association  during  this  our  thirty  seventh  meeting, 
we  offer  our  roost  grateful  acknowledgment  and  oar  heartfelt  thanks. 

These  resolutions  were  warmly  seconded  by  Messrs.  Mason,  Munror, 
Jastkow,  Fkbt,  Mbndknhall,  Morsu  and  Brinton,  and  carried  unani- 
mously. 

Professor  Herbrrt  C.  Foote  of  Cleveland,  responded  in  behalf  of  the 
ladles  of  the  Local  Committee,  and  President  Cady  Stalky  delivered  a 
few  timely  remarks,  wishing  the  visiting  scientists  godspeed  and  stating 
that,  as  he  had  predicted  at  the  opening  session,  the  people  of  Cleveland 
had  been  benefited  by  the  meeting  of  the  Association. 

The  Permanent  Secretary  then  gave  his  usual  statistical  report  of  the 
meeting. 

Vice  President  Cook  then  declared  the  meeting  adjourned,  and  ex- 
^  pressed  the  hope  that  all  would  meet  again  in  Toronto  in  August,  1889. 

JUOUS  POHLMAN, 

General  Secretary. 
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The  thirty-seyenth  oneeting  ot  the  Association  was  galded  by  another 
generation  than  that  of  1853,  when  Its  seventh  meeting  was  held  In  Cleve- 
land. Fortunately  for  the  Association  It  yet  has  among  Its  most  honored 
members  several  who  took  part  In  the  former  meeting,  and  It  Is  well  that 
the  principles  of  Its  founders  have  been  retained,  so  that  the  necessary 
changes,  required  to  meet  the  demands  made  by  the  great  advances  In  sci- 
ence, have  been  brought  about  with  due  caution  and  have  not  turned  the 
Association  away  from  the  great  object  which  led  to  Its  existence. 

^s  In  the  development  of  the  Association  Itself,  so  In  the  city  of  Cleve- 
land, thlrty-flve  years  have  made  great  changes  In  national  progress.  In 
development  of  resources,  and  In  the  wonderful  application  of  science  to 
the  arts  for  which  the  city  Is  noted.  This  was  well  told  at  the  meeting  by 
Dr.  Staley,  the  President  of  the  Case  School  of  Applied  Science;  a  school 
which  is  destined  to  foster  scientific  research  in  Its  widest  sense,  by  carry- 
''  ing  out  the  objects  of  Its  generous  founder  In  properly  applying  science  for 
the  benefit  of  man.  With  all  this  great  development  In  material  progress 
and  In  wealth,  it  Is  very  apparent  from  the  educational,  historical,  literary, 
and  artistic  Institutions  of  the  city,  that  culture  has  not  lagged  behind; 
while  the  old-time  generosity  of  the  people  was  shown  by  the  cordial  greet- 
ing and  the  kindly  care  given  to  the  members  of  the  Association  at  the 
meeting  of  1888.  That  the  next  generation  will  find  still  further  progress, 
with  ample  endowments  for  research  in  all  departments  of  science,  can  be 
foretold  In  a  city  where  so  much  of  Its  wealth  has  been  secured  through 
the  application  of  scientific  principles;  but  It  is  to  be  hoped  that  their 
foundations  will  not  be  delayed  too  long,  and  that  this  beautiful  city  by  the 
lake  will  not  be  outstripped  by  her  rivals  In  culture  and  progress. 

Several  unfortunate  circumstances  resulted  in  a  smaller  attendance  of 
members  at  the  meeting  than  was  reasonably  expected.  The  change  of 
date,  made  necessary  by  a  great  gathering  in  the  city  which  took  place  at 
the  time  first  assigned  for  the  meeting  of  the  Association,  and  the  conven- 
ing of  the  National  Educational  Association  at  a  distant  point,  both  tended 
to  decrease  the  number  of  members  in  attendance  at  the  Association.  The 
natural  aversion  to  going  Into  the  Interior  of  the  country  In  August  always 
tells  against  such  meetings,  but,  as  numbers  Is  not  the  primary  object  of  the 
Association,  a  small  meeting  must  not  be  looked  upon  as  necessarily  an 
unsuccessful  one,  and  certainly  this  was  not  the  case  at  Cleveland. 

The  three  hundred  and  forty-two  registered  as  members  and  associates 
in  attendance  at  the  Cleveland  meeting  were  from  the  following  places : — 

City  of  Cleveland,  not  Including  the  citizens  who  attended  the  meeting 
without  Joining  the  Association,  82;  from  the  rest  of  Ohio,  43;  from  New 
York,  56;  Washington,  40;  Massachusetts,  19;  Pennsylvania,  18;  Illinois, 
16;  Michigan,  16;  Wisconsin,  12;    Iowa,  11;  Indiana,  11;  New  Jersey, 
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10;  Canada,  7;  Connecticut,  6;  Nebraska,  5;  Kansas,  6;  Kentucky,  4;: 
Virginia,  4;  Mississippi,  4;  Tennessee,   3;   Minnesota,  8;  Missouri,  3;. 
Maryland,  8 ;  Arkansas,  2 ;  Texas,  2 ;  Maine,  1 ;  New  Hanipsliire,  1 ;  Rliode 
'  Island,  1 ;  West  Virginia,  1 ;  North  Cai'olliia,  1 ;  California,  1 ;  Paris,  1. 

Of  tlie  182  members  elected  since  the  New  York  meeting,  180  have  per- 
fected their  membership,  also  two  who  were  elected  at  New  York;  and 
twenty  members  have  paid  their  arrears  making  152  names  added  to  the 
roll  since  the  New  York  volume  was  published.  From  tlie  New  York  list, 
24  names  have  been  transferred  to  the  list  of  Deceased  Members,  20  Mem- 
bers have  resigned  and  100  have  been  omitted  for  arrearages,  making  a 
deduction  of  144  from  the  list.  Five  have  become  Life  Members ;  86  mem- 
bers have  been  transferred  to  the  list  of  Fellows,  and  one  Fellow  has  been 
made  an  Honorary  Fellow.  Of  the  1,964  now  on  the  roll,'  230  are  at  this- 
date  in  arrears  for  the  New  York  and  Cleveland  assessments. 

The  following  gives  a  comparative  statement  of  the  roll  as  printed  in  the^ 
New  York  volume  and  in  the  present  volume. 

New  York.  Cleveland. 

Patrons 8  3 

Members 1286  1271 

Honorary  Fellow        ....        1  1 

Fellows 667  689 


Total  1956  1964 

Two  hundred  and  fifteen  papers  were  entered  for  the  meeting,  of  which 
33  were  either  declined  or  were  not  considered  for  lack  of  proper  abstracts ; 
189  were  put  on  the  daily  programme  for  reading  in  the  sections  as  fol- 
laws :—  A  19,  B  24,  C  19,  D  9,  E  38,  F  22,  H  30,  I  21.  Of  these  117  are 
printed  in  full  or  by  abstract  in  the  present  volume,  and  65  are  mentioned 
by  title.  Of  many  of  the  latter,  abstracts  would  have  been  printed  had 
proper  ones  been  prepared  by  the  authors ;  others  were  to  be  printed  in 
full  in  other  places.  In  addition  to  the  papers,  the  addresses  of  the  Pres- 
ident and  seven  Vice  Presidents,  and  the  reports  of  eight  committees  were 
given,  and  are  printed  in  the  volume.  Three  evening  lectures  were  also 
delivered.  Several  of  the  papers  were  illustrated  by  lantern  projections 
manipulated  by  the  late  Dr.  Howland,  who,  at  considerable  trouble  and 
expense,  took  his  unsurpassed  outfit  of  lantern  apparatus  from  Washing- 
ton to  Cleveland. 

The  financial  condition  of  the  Association  at  the  opening  of  the  Cleve- 
land meeting  is  shown  by  the  annexed  cash  account,  covering  the  year 
from  August  1, 1887  to  August  1,  1888,  and  including  the  New  York  meet- 
ing. From  this  account  It  will  be  seen  that  the  last  year  was  an  excep- 
tionally prosperous  one  financially,  the  receipts  from  regular  sources, 
including  admission  fees,  assessments  and  sales,  amounting  to  $7,119.62; 
while  the  regular  expenses  of  the  year,  including  the  publicatlou  and  dis- 
tribution of  the  New  York  volume,  office  expenses  and  salaries,  were 
$4,952.14.  In  addition  to  the  above  receipts  were  the  $1,728  In  gifts  which 
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more  than  paid  the  $1,602.78  expended  for  reprinting  back  volames  of  the 
Proceedings  so  that  fall  sets  can  now  be  furnished.  Of  the  $2,751.45  due 
the  Permanent  Secretary  for  balances  on  salary  for  several  years  back,  all 
but  $4G3.70  was  paid,  which  Is  the  only  debt  of  tlie  Association. 

$1,050  was  obtained  from  life  membership  commutations  and  carried  to 
the  Research  Fund.  It  will  also  be  noticed  that  $300  Income  from  this 
fund  was  granted  for  the  encouragement  of  research  at  the  New  York 
meeting. 

The  Urseakch  Fund  amounted  on  Aug.  I,  1888,  prin- 
cipal and  interest  to $4,414.27 

The  GKNKUA.L  Fund,  Aug.  1,  1888,  principal  and  in- 
terest,     $112.05 

By  vote  of  the  Council,  $200  was  granted  to  aid  in  the  archaeological 
explorations  at  the  Serpent  Mound,  by  the  Curator  of  the  Peabody  Mu- 
seum. 

Leaving  total  of  invested  funds       ....       $4,826.32 

The  proposed  formation  of  an  American  Geological  Society  and  of  an 
American  Chemical  Society  has  led  to  considerable  discussion  as  to  the 
good  or  bad  effects  of  such  organizations  upon  the  respective  sections  in 
the  Association  of  wiiich  they  are  the  offspring.  The  discussion  has  also 
embraced  the  Entomological  and  Botanical  Clubs  of  the  Association,  and 
the  Society  for  the  Promotion  of  Agricultural  Science,  which  hold  their 
meetings  In  connection  with  those  of  the  Association. 

Various  opinions  have  been  expressed  which  I  do  not  propose  to  dis- 
cuss, but  there  are  some  considerations  worthy  of  the  attention  of  all 
•members  of  the  Association. 

In  regard  to  the  Society  for  the  Promotion  of  Agricultural  Science,  it 
'Can  be  said  without  qualification  that  it  has  been  of  benefit  to  the  Associa- 
tion. This  Society  has  Its  annual  meeting  on  the  Tuesday  preceding  the 
first  General  Session  of  the  Association,  and,  I  believe,  also  one  or  two 
special  meetings  during  the  week,  but  always  at  times  not  conflicting  with 
the  sections  with  which  the  Society  is  afllllated.  The  result  has  been  that 
most  of  the  agricultural  chemists  of  the  country  and  many  other  men  par- 
ticularly interested  In  ai^ricultural  science  have  joined  the  Association  and 
taken  an  active  part  In  its  meetings,  while  they  would  be  drawn  from  It 
should  their  special  society  meet  at  some  other  time  and  place,  and  its 
members  fully  realize  the  Importance  of  the  benefits  they  receive  as  mem- 
bers of  the  Association,  and  the  great  opportunity  they  have  of  annually 
meeting  so  many  workers  in  other  but  kindred  branches  of  science. 

The  same  Is  largely  the  case  with  the  Entomological  and  Botanical  Clubs, 
although  in  these  clubs  the  members  are  primarily  members  of  the  Asso- 
ciation and  in  regular  attendance  at  the  meeting.  It  can  only  be  said  against 
these  clubs  that  many  papers  are  presented  and  discussed  In  the  clubs 
which  would  add  largely  to  the  Interest  of  Section  F;  but  it  must  also  be 
acknowledged  that  the  members  of  the  clubs  have  been  of  late  years  among 
the  principal  supporters  of  the  Section,  and  that  the  Section  has  certainly 
profited  by  the  social  elements  of  the  clubs. 
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The  result  or  the  formation  of  the  Geological  and  Chemical  Societies 
can  not  yet  be  foretold,  as  that  will  depend  upon  the  plan  to  be  adopted 
for  their  meetings.  Should  these  societies  wisely  arrange  to  hold  their 
meetings  so  as  not  to  conflict  with  the  two  sections  which  they  represent, 
by  holding  their  annual  meeting  on  the  Tuesday  before  the  first  Gen- 
eral Session  of  the  Association  and  their  special  meetings  by  agreement 
with  the  respective  section  to  suspend  its  meeting  for  a  half  day  or  a  day 
as  might  be  arranged,  and  the  rest  of  the  time  meet  with  the  sections,  it 
seems  as  if  only  good  could  result;  particularly  if  all  the  members  of  the 
societies  were  also  members  of  the  Association,  and  this  would  follow 
naturally  under  such  an  arrangement. 

Certainly  In  such  a  body  as  the  Association,  composed  of  workers  in, 
and  supporters  and  lovers  of  all  departments  of  science,  there  is  strength 
in  union ;  and  while  any  small  portion  might  flourish  for  a  time  as  an  or- 
ganization of  specialists,  entirely  independent  of  the  larger  body  of  workers 
and  supporters,  it  would  be  very  short-sighted  policy  for  any  such  body 
to  cut  the  strings  by  which  their  own  special  work  is  bound  to  the  still 
larger  and  grander  work  of  the  general  advancement  of  human  knowledge. 
With  the  mutual  benefits  to  be  derived  from  a  close  union  of  all  special 
scientific  societies  —  each  necessarily  narrowed  by  its  specialty  —  with 
the  great  popular  and  spreading  influence  or  the  Association,  where  all 
united  make  a  grand  whole  worthy  the  support  of  every  one,  it  can  hardly 
be  questioned  but  that  the  mother  of  all  will  be  faithfully  sustained  in  the 
councils  of  her  wise  children. 

F.  W.  Putnam, 

Termanznt,  Secretary, 

Salem f  Mass,.,  May  9,  1889. 
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